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ABSTRACT 


The U.S. Coast Guard operates several Vessel Traffic Services (VTS) in major U.S. 
shipping ports. These systems were designed and implemented twenty years ago. They 
were designed for a single mission, port safety. The surveillance and display systems are 
well beyond the planned service life and need to be replaced. 

This thesis investigates and summarizes up-to-date methods of providing surveil¬ 
lance services to a VTS. The author includes a history of VTS, an analysis of the as¬ 
signed missions, and a review of the O factors involved. A functional model of a VTS 
is developed and used to evaluate the best mix of technologies for VTS systems. 

The author concludes that a mixture of shore-based radar surveillance and satellite- 
based surveillance can provide the detection and identification information necessary to 
operate a multi-mission VTS, In order to take advantage of inexpensive narrow band 
data links, such as voice grade telephone circuits, radar information must be processed 
through a radar scan convertor. Use of this technology also improves automated target 
detection, tracking, and display capabilities of the existing radar and display systems, 
second generation VTS should have a modular design, centered around a standardized 
Vessel Traflic Center (VTC) O system. This will reduce the cost of operating a VTS by 
reducing the manpower needs of a VTC, improving the performance of the VTS system 
during multi-mission tasking, allowing the use of different sensor types, and creating a 
way of integrating VTS information into the main stream of Coast Guard operations. 
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1. INTRODUCTION 


A. BACKGROUND 

The Ports and Waterways Safety Act (33 USC 1221) authorizes the U.S. Coast 
Guard to establish and operate Vessel Traffic Services (VTS) in designated areas in order 
to: 

...(1) reduce the possibility of vessel or cargo loss, or damage to life, property, or 
the marine environment; (2) prevent damage to structures in, on, or immediately 
adjacent to the navigable waters of the United States or the resources within such 
waters;.... 

Surface search marine radar is the surveillance backbone within most VTS areas. 
Closed Circuit Television (CCTV) is used where radar surveillance is not practical. 
These technologies provide reliable and accurate means for general surveillance of a VTS 
area, vessel traffic monitoring, and for vessel traffic control. The Coast Guard is cur¬ 
rently using microwave data links to transmit raw radar and CCTV information from 
Vcmotc sites to a centralized Vessel Traffic Center (VTC). These data links, as well as 
the entire VTS system, were designed and implemented in the early 1970's. The systems 
use twenty year old, ''ofr-the-shelf' technology which had a planned life cycle of ten 
years. The systems are oriented toward accomplishing the single mission of harbor sur¬ 
veillance while the Coast Guard maintains a multi-mission policy. The cost of operating 
and maintaining the microwave data links has become prohibitively expensive for the 
Coast Guard.[Rcr. 1] 

In the last twenty years there have been major advancements in the computer, 
communication, and data networking fields. There has also been a realization within 
all branches of the federal government that a planned effort to improve Command, 
Control, and Communication (C?) capabilities will help offset increasing costs, expanded 
mission requirements, and system complexity. Improving the Coast Guard's O capa¬ 
bilities will allow the service to operate more efficiently. 

B. RESEARCH OB.IECTIVE 

The purpose of this research is to investigate and summarize up-to-date methods of 
providing surveillance services to a VTC in a manner that is consistent with the Coast 
(iuard's need to reduce overall cost.s, automate man-power intensive operations, and 




provide infornuition that can bv integrated into an eflcctivc Coast Guard-wide O envi- 
roivnciu. 

C. RFSEARCH APPROACH 

'I he research portion of this thesis includes a literature search, a review of Coast 
Guard policy, interviews with Coast Guard VIS, Research and Development, Engi¬ 
neering, and Program Management personnel; interviews with industry representatives, 
and a technology review to determine: 

• The scope of the original VTS mission and required data content, 

• The scope of the current VTS mission and required data content. 

• Determination of desired changes for existing VTS systems and expansion of cov¬ 
erage to new ports. 

• The status and capabilities of current VTS technology. 

• A'ailability. applicability, and budget,nry feasibility of conunercially available sys¬ 
tems or components 

• .'MtcrnatiN c methods of harbor surveillance that can meet the overall goals of«the 
Coast Guard. 

D. IMPORTA.NCE TO THE COAST GUARD 

This theii.s will identify feasible alternatives to transmission of raw radar, video, or 
similar sur\cilluncc information to VTCs. Given the lecent budgetary climate, it is im¬ 
perative that each Coast Guard program result in the largest possible benefit within its 
multiple mission areas, In the case of VTS, there arc synergistic elTccis possible through 
integration of surveillance information into the day-to-day O of Const Guard oper¬ 
ations. Use of a standardized network approach can allow VTS information to provide 
an important input to tlie Coast Guard's .Maritime Law Enforcement (.MLE), .Maritime 
Defense Zone (MDZ). and Search and Rescue (SAR) missions in addition to its use 
within the Port Security and Safety (PSS) mission of a VTS. Reductions in maintenance, 
operation, and personnel costs arc possible through the use of modern "ofi-thc-sheir 
and conunercially supportable technology. Careful planning of such an information 
network will allow for further cost reductions as commercial telecommunication capa¬ 
bilities c.xpand, providing faster and more reliable data rates at a lower cost. Integrated 
Services Digital Networks (ISDN) and similar modernization programs arc scheduled to 
come on-line during the i9yu's and will impact O systems like a second generation VTS. 



E. THESIS Ol'TLINE 

In Older to determine feasible alternatives to the transmission of raw radar or video 
data by microwave link, it is necessary to appreciate the engineering, political, logistical, 
and operational concerns facing the Coast Guard. In the past, the Coast Guard de¬ 
signed systems without regard for the synergistic cllccts of integrated O planning. Sys¬ 
tem design was reactionary, often due to major accidents like the Argo Merchant, 
Amoco Cadiz, and C.won Valdez oil spills. With on-going budget limitations, the Coast 
Guard cannot alTord the overhead of major research and development costs. We must 
rely on commercial and defense industry interests to develop and field new technology, 
lliis new technology must he examined and then employed to complement all the 
missions assigned to the Coast Guard. 

1. Chapter II, \ TS Services in the United Slates 

Chapter II outlines the development of VTS systems in the United .States, In 
this chapter the author will summarize the following aspects: 

• Historical events leading to development of VTS systems in the United States. 

• Legal intent behind the laws that established federal VTS systems in the United 
States. 

• Determination of which ports were to be served, and which ports arc currently 
served, by a V fS, 

• The original and expanding missions of Coast Guard V^TS. 

• Current VTS system requirements and the technology used to carry out these rc- 
iiuirements. 

• Data necessary to carry out the mis'^ions of a V'fS. 

2. Chapter HI. VTS and Coast Guard O 

Chapter III reviews some of the non-icchnical aspects of integrating surveillance 
data into a Command and Control (O environment which could be used in day-to-day 
Coast Guard operations. A discussion of Conunand and Control theory is included to 
illustrate the importance of including (? considerations in the system engineering of a 
second generation VTS system. A description of related projects within the Coast Guard 
will illustrate the benefits of an integrated system arcliitccturc using standard data con¬ 
tent and format. 

3. Chapter I\’, Technology Review 

Chapter IV surveys and summarizes existing technology that can be used for 
VTS area surveillance. In this review the author will discuss various techniques that can 
link radar and viueo information to a VTC. Other technologies that are capable of ae- 
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quiring and tracking VTS contacts, in a manner consistent with the applicable Coast 
Guard missions, will also be discussed. The chapter divides the technology into three 
basic sections: 

• Systems capable of directly transmitting radar or video images. 

• Systems using data compression and filtering of radar or video camera signals al¬ 
lowing use of low data rate transmissions in the order of 9600 bps or less, or analog 
signals with a bandwidth of 3 KHz or less. 

• Hybrid systems using a mixture of technologies or based on technologies other 
than radar or video camera sensors. 

This chapter is descriptive in nature. The summary' ranges from continuing use 
of analog microwave links for the existing radar and video systems to the use of satellite 
based, non-radar, tracking and identification systems. 

■4. Chapter V, Evaluation of Systems 

Chapter V has two basic sections. The first is development of the criteria which 
could be used for system selection. These criteria will be based on the Coast Guard's 
need to integrate systems, reduce costs, and meet mission requirements. Using tlie 
overall characteristics of the technology described in Chapter IV and the criteria devel¬ 
oped in the first part of this chapter, the author will accomplish a rough assessment of 
the cost clfectiveness of the difierent systems. Using this information the author will 
identify the most feasible types of technology for use in a Coast Guard VTS. 

5. Chapter VI, Conclusions 

Chapter VI includes the author's conclusions and recommendations regarding 
selection of feasible alternatives for tracking contacts in a VTS system. 
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II. VESSEL TRAFFIC SERVICE (VTS) IN THE UNITED STATES 


A. VTS DEVELOPMENT IN THE U.S. 

1. Historical Aspects of VTS Development 

Vessel Trafilc Services have been in operation since the late 1800's. Table 1 on 
page 6 lists important milestones in VTS development for the United States. Vessel 
traffic management became a concern following World War 11 as the dcn^:ty of traffic, 
particularly transportation of hazardous materials, choked the major ports of the world. 
By 19S4 the waterborne commerce in the United States had increased by more than 
200'/'o. to slightly more than 1.8 billion tons {Ref 2: p. 5]. The U.S. Coast Guard an¬ 
ticipates an annual 2% increase in traffic. This figure includes both domestic and foreign 
waterborne commerce flowing through U.S. ports [Ref 3: p.35S]. 

2. Increasing Ship Size 

During the 1960's and 1970's technological spinoffs from the defense, space, and 
computers industries, as well as oil industry economics, allowed construction of vciy 
large commercial vessels. These immense ships are used primarily for transportation of 
crude oil and other hazardous materials. The average capacity of a commercial ship 
prior to this time was 17,0U0 dead weight tons (DWT). Currently the largest ship in the 
w orld, the Seawise Giant, has a capacity of 239.000 DWT of crude oil. Tankers with a 
capacity between 100.000 and 200,000 DWT arc the rule, not the exception [Ref 4: p. 
70. 5: p. 6]. Large ship size creates economies of scale for the oil industry but greatly 
increases the difficulty in maneuvering these ships. According to a 1972 Senate Com¬ 
mittee on Commerce report on the Ports and Waterways Safety Act. a 17,000 DWT T-2 
tanker can "crash stop" within a half mile taking about five minutes. A 200,000 DWT 
supertanker takes two and one-half ntiles and twenty-one minutes to stop. The report 
also points out that these ships are out of control during a crash stop; they cannot be 
adequately steered in an emergency. 





Year 

Event 

1896 

VTS St. .Mary's River. Ml established 

1948 

First active surveillance VTS established in Liverpool. England 

1949 

First L’.S. VTS organized by the Long Beach, CA Port Authority. 

1962 

USCG experiments with VTS in New York Harbor. Rebroadcasts radar 
picture using low power TV signal. Program abandoned due to technical 
and frequency congestion problems. 

1968 

Harbor Advisory Radar (HAR) experiment started for San Francisco Bay, 
CA. Consisted of two X-Band radar sites but no communication facilities. 

1971 

VTS Puget Sound opened in anticipation of increased tanker trafTic due to 
.Alaskan pipeline. 

1972 

H.AR San Francisco added VHF-FM voice radio coverage and became the 
first active surveillance VTS in the U.S. 

1973 

USCG Vessel Traflic System .Analysis of Port Needs study determines pri¬ 
ority for VTS location and level of coverage. VTS Louisville. KY opened. 

1975 

VTS Houston Galveston. TX and Berwick Bay. LA opened 

1977 

VTS New Orleans. L.A and Prince William Sound. .AK opened. 

1986 

VTS Now '^’ork and VTS New Orleans closed due to budget constraints. 

1990 

Current USCG VTS locations 

Prince William Sound, AK Puget Sound, W.A 

San Francisco. C.A Houston. Galveston. TX 

Sauk Saintc .Mario, .MI Louisville, KV 

Berwick Bay. L.A 

1990 

Planned VTS Locations 

New York Harbor, NY New Orleans. L.A 


Table I. History of VTS [Refs. 6; pp. 25-27, 3; pp. 417-420] 


As sliip size grew, the degree of specialization also increased. The economics 
of the marine transportation industry forced delivery of raw materials and containerized 
manufactured goods into a few large ports, visited by large, specialized, ships. Smaller 
ships began redistributing these raw materials and finished goods, which created a 
booming coastwise trade. Major ports, and the associated offshore approach areas, saw 
a large increases in traffic density. 

Each day, a ship of over 100 DWT is lost on a worldwide basis. A large per¬ 
centage of the losses are due to collision, grounding, or ramming. More often than not, 
the cause of these accidents can be traced back to human error rather than mechanical 
fault !Rcf 7; p. I], This illustrates the need for a "second set of eyes" when ships are in 
c!ow quarters or difficult maneuvering environments like a ship channel or busy harbor, 


6 





















3, The Environmental Protection Movement 

During the early 1970's the environmental protection movement in the United 
States grew into a strong political entity. Technological advancements in television 
broadcasting, primarily the use of satellites, brought worldwide news coverage into the 
voting public's living room. In March 1967, the 118,000 DWT Torrey Canyon ran 
aground off the coast of Cornwall, England spilling thirty-five million gallons of oil. The 
spilled oil covered major expanses of both the British and French coasts. In 1969 an oil 
well blew out off the coast of Santa Barbara, CA. This caused a significant oil spill 
which threatened the entire coast of Southern California. The breakup and loss of the 
tanker Arrow, oITNova Scotia, in 1970, threatened the Georges Bank fishing grounds 
and cost the Canadian government four million dollars to clean up. These clean up costs 
do not include the costs to the coastal industries that lost tourism and fishing income 
due to the cflects of the spill [Ref. 8: p. 19]. Each of these major accidents illustrated 
that the possibility of a major accident existed in U.S. waters. On January IS, 1971 a 
collision between two tankers, the SS Arizona Standard and SS Oregon Standard, spilled 
800,000 gallons of heaNw oil into San Francisco Bay, CA. .^t the time the U.S. Coast 
'Guard was testing a Harbor Advisory Radar (H.-\R) system. The Coast Guard radar 
operators actually observed the collision which was nearly under the Golden Gate 
bridge. The radar operators were helpless as the facility was not equipped with radios 
[Ref. 9], During 1972 there were 157 vessel collisions, rammings, and groundings that 
spilled 2.2 million gallons of pollutants into U.S. waters [Ref 10: p. 1-4]. 

B. THE PORT AND WATERWAYS SAFETY ACT OF 1972 (PWSA) 

By 1972 the public outcry for an end to the destruction caused by oil spills resulted 
in passage of several regulations and laws. The most applicable to VTS is the Ports and 
Waterways Safety Act (PWSA) of 1972. The PWSA states: 

...that increased supervision of vessel and port operations is necessary in order to- 
(1) reduce the possibility of vessel or cargo loss, or damage to life, or the marine 
environment;... [Ref 11: sec. 1221(c)]. 

The intent behind this law is clear; it is to protect ships, cargo, people, and the en¬ 
vironment from vessel accidents. It is on this basic premise that U.S. Coast Guard VTS 
is based. The PWS/\ gives the Coast Guard very wide latitude to accomplish the desired 
reduction in accidents and environmental harm. The PWS/\ states that the Coast Guard 
niav; 
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...(1) in any port or place uiuler the jurisdiction of the l.'nited States ... estahlish. 
operate, and maintain vessel trall'ic services, consisting of measures lor controlling 
or supersisme vessel trallic or for protecting navigation and the marine environment 
and may include, but need not be limited to one or more ol'thc Ibllowing: reporting 
and operating requirements, surveillance and communications systems, routing sys. 
terns and fairways; (2) require vessels which operate in an area of a vessel truHic 
service to utilize or comply with that service, (3) retjuirc vessels to install and use 
specified navigation equipment, communications equipment, electronic relative tno- 
tion analyzer equipment, or any electronic or other device necessary to comply witli 
a vessel tmllk service or which is necessary in the interests of vessel safety,..(4) 
control vessel traflic in areas subject to the jurisdiction of the L'nited States which 
the Secretary determines to be hazardous, or under conditions of reduced visibility, 
adverse weather, vessel congestion, or other hazardous circumstances b\* 
(A)spccilVing times of entrj', movement, or departure; (B) establishing vessel trall'ic 
routing sclicincs; (C) establishing vessel size, speed, draft limitations and vessel op* 
crating conditions; and (D) restricting operation, in any hazardous area or under 
hazardous conditions, to vessel wliich have particular operating cliaructcristics or 
capabilities which he considers necessary for safe operation under the circumstances: 
and (.'^i require tlic receipt of prearrival messages...(b)...may order any vessel.... to 
operate or anchor in a manner he directs if* (1) he has reasonable cause to believe 
such vessel does not comply...(3)by reason orwcatlicr, visibility, sea conditions, port 
congestion, oilier hazardous circumstances, or the condition of sucli vessel, he is 
satisllcd that such directive is justified in the interest of safetv.,.. [Ref. II: see, 
i:2.3(a)| 


C. DIFFERENCES BETWEEN H.S. AND FORI EON VTS SYSTEMS 

It is on the safely guidelines of the PWSA that the Coast Guard designs VTS sys* 
terns. Tlii.s is quite dilTercnt from VTS design throughout ilie rest of the world. The 
primary purpose of I'.uropean and Oriental VTS systems is to increase the throughput 
of the liarbor faeilitics, Economic profit is the driving element. Maritime safety and 
cnviionmciital protection are secondary benefits. Funding is another urea of dilVcreiice 
between tlie L'.S. and tlie rest of tlic world. In the United States, VTS systems provide 
u public service, protection of conmicrcc and the environment. Funding ibr Coast 
Guard VTS systems competes within tlie ausieie budget of tlie Coast Guard. VTS 
funding is a minor, nearly transparent, player in the Coast Guard and Federal funding 
cycles. VTS funding is frequently based on poliiicai reaction to an accident or a poli* 
ticiilly motivated mandate. Several examples exist. VTS Prince William Sound, AK, 
was mandated by the Traiis-Alaska Pipeline Authorization Act (P.L. 93*153) [Ref. 3: p. 
421 j, VTS Puget Sound was developed under Congressional budget pressure again due 
to tlic Alaskan pipeline. VTS New ^ ork is being re*cslablishcd due to specific Con* 
prosdonal legislation tied to the Coast Guard's 1990 budget [Ref. 1], 

liuropcan VTS systems provide both a private and a public good. A public good is 
one lluit bencliis tlie population in general. Public goods arc usually paid Ibr using 
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go\'crnmcntal I'utids. A private good is one that benefits the user or owner of the good, 
liuropean VTS systems provide ;i public good in that they protect tlic environment by 
prevtMiting shipping accidents. They provide u private good by increasing the How of 
trallic in and out of the ports being served. These VTS systems arc generally Tunded 
witli both user fees and governmental support. Funding for foreign VTS systems is 
generally larger and more consistent than VTS funding in the United States. 

D. DEFINITION OF VTS 
I. Missions of VTS 

To fUIly understand the job of a VTS it is neccssaty to explore the missions as* 
signed to a VTS. As with the rest of the Const Guard, a VTS is a multi-mission organ¬ 
ization and must be analyzed based on assigned, and assumed, mission areas. 

The ollkial mission ol'a VTS is: 

...to prevetit damage to. or the destruction or loss of any vessel, bridge, or other 
structure on or in the navigable waters of the United States [Ref. 12: p. 4-dj. 

Tliis definition docs not provide a description of the lunciionul or relational 

I 

duties of a VTS. A better description of u VTS is: 

...,\ vessel trallic system consists of an integrated plan, regulations, people, equip¬ 
ment and fiuiliiies for the collection, analysis, and dissemination of information to 
assist and direct as needed, the maneuvering of vessels in waters subject to congested 
vessel trtillic IRcf. 13; p. 4-2j. 

NN'ithin tiie Coast Guard, VTS falls under the Port Safety and Security (PSS) and 
Waterways .Management (\V\V.\I i mission arcus. These missions are defined as: 

Port Safety and Security: Safeguarding the nation s ports, waterways, waterfront 
fiicilities and vessels, personnel and property therein, from either accidental or in¬ 
tentional damage, disvuptiott, destruction or injury, 

Wnterssnys Management: Develop and implement passive and active trallic man- 
agemem techniques and navigation .safety procedures to assure acceptable levels of 
safety in U.S, ports and. waterways. | Ref.’14] 

The routine flmctinns of a VTS make it useful to a wide range of Coast Guard 
mission areas, not just Watersvays Management and Port Safety and Security. These 
secondary juissions include Search and Reticuc (S.AR), .Maritime Defense (.MDZ). and 
Aids tu Navigation (.ATON). Table 2 on page 10 lists the contributions a VTS may 
make to these additional Coast Guard mission areas. 
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Mission 

Contribution 

Search and 
Rcscuc(S.‘\R) 

Communicaiion courdination. accepiing rci|iicsts lor assist¬ 
ance, active search tby radar and video camera), search area 
management 

Maritime 

Dcfense(MDZ) 

Harbor surveillance, communications coordination, vessel de¬ 
tection (radar, video, sonar, etc.), vessel transit scheduling, 
hazardous transit planning and monitoring 

Aids to 

Nnvigation(ATON) 

Monitoring aid position, accepting reports of aid malfimction 
or position error, transmission of navigation information (No¬ 
tice to Mariners. Local Notice to Manners) 


Table 2. Sccondar>' VTS Mission Areas 


2. Analysis or Port Needs 

In n)73 the Coast Guard contracted Tor a scries of reports called the Vesuri 
TnilJlc Systems Issue Siut(\\ Those reports dealt with every aspect of VTS operation. 
Through this study ol'the issiu's. the Coast Guard developed curly models lor studying 
vessel trunie, control systems, and management plans. The nuntci'icul data was bused 
on vessel accidents, cargo tonnage, and vessel trunsit.s through selected ports. The ports 
with the most transits and highest tonnage figures were Airthcr studied, primarily using 
the accident data. The Analysis nf I\m '1 Seeds, which is a follow up report to the Issue 
Studies, analyzed data for these same ports. Each port and waterway was ranked K sed 
on six factors. The factors were: 

1. rstimated annual dollar damages caused by collisions, rummings, and groundings 
(C K Ci). 

2. Estimated annual pollution incidents due to C R Ci. 

3. I.'stimated annual deaths or injuries caused by C R G. 

4. l•Mimated annual dollar damage reduction due to the V TS level selected. 

,5. estimated annual pollution incident reduction due to the VTS level selected. 

6. llstimutcd annual death or injury reduction due to the VTS level selected. IRcf. 
15; pp. MV.) 

Using the information developed in the Anal^'sis of Port Seeds, the Coast Guard 
established seven levels of VTS technology that could serve the spcclfie needs of a given 
port. Table 3 on page 11 details the seven levels used by the Coast Guard. 
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Designation 

1 > pe 

Deseriplic.n 

1.(1 

Pas'-ivc 

Used to adju'^t early V'l S inlormation Ibi pas- 
saec of the Brklee-to-Hi idee Radio I clephone 

Act (33 use l2()i-12(iS).' 

UR 

Passive 

Regulatory actions to prevent accidents. In¬ 
cludes speed ond passing limitations and one 
way trullic considerations. 

LI 

Passive 

Use ofTranic Separation Schemes to limit close 
passage of vessels. 

L2 

Advisory 

Vessel Movement Reporting System (V.MRS). 
Vessels arc required to contmuniente their navi¬ 
gational information (position, ETA to next 
point, plans, etc.) to a VTC. The VTC coordi¬ 
nates this information and advises ships of traf- 
ftc in their vkinitv. Minimum reporting 
requirements arc spccillcd. 


.Ndvisory and .Ac¬ 
tive 

Basic area .surveillance including radar or 
tX'TV. Improves VTC knowledge of vessel 
presence and movement. Considered necessary 
where blind corners, bends, or intersections ex¬ 
ist. 

L4 

Active and Advi¬ 
sory 

Advanced surveillance including more accurate 
and complex surveillance equipment. May in¬ 
clude limited computer inicrfacc. 

L5 

.Active 

Advanced surveillance uitli fUIl computer inter¬ 
face providing the highest reliability and accu¬ 
racy in ifullie niamigcmcm. Designed for 
control of high density, complex areiis. 


l able ?. \TS Levels (Kcl'. 1?: Apr. U P- vi| 


Tlic Amilysis of Pan Xcciis olso idcntillcd unJ rank ordered tweniy-tuo ports 
and watenvays that would bcncHi IVom the construction ofa VTS. Table 4 on page 12 
sumniari/cs this report by listing tlic selected ports and detailing the number of VI S 
sectors to be used and which level of technology (from Table ?) should be used. 

A compui'ison of the ports currently served by Coast Guard VTS systems 
(Table 1 on page b) and the list from the Port Needs study (Table 4 on page 12) illus¬ 
trates that VTS development in the United States has not proceeded as expected. This 
is due to the sensitivity of the VTS program to political and popular support. During 
the tmddlc 197t.)'s. several highly ranked ports were passed over while low priority ones 
received major VTS systems. This was due ability of local politicians to control the V TS 
program. During severe Const Guard budget cuts in 19t;(i, the two mo.st needed VTS 
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r-ystcni'i. New 'S'oik ami New Orleans, were closed. The reason these two ports were 
seleeieJ Ibr closure is that they were vohuiiar\‘ systems and sulTcrcd from a lack of par¬ 
ticipation and local support. They were simply not cflcctivc (Ref. 1). 

The Coast Guard recently contracted for un up-to-date Port Needs Study. The 
new study is scheduled to be completed by the summer of 1991. The purpose of this 
study is to provide an updated list of major ports that may benefit from a VTS. The new 
study will concentrate on analysis of risk (the potential for an accident) rather than 
analysis of historical accident data (Ref. 16]. 


Port or Waferuoy 


New York. 


New Orleans 


Houston Galveston 


Snhine-Neclies (ICW 


Chesapeake llav 


Moi'tian City (ICW Mi.99) 


Cote UlanehcdCW ln7.129) 


Baton Rou^c 


San Trancisco 


Houma (ICW 


ChictiL’o 


Delaware River and Hay 


amp.'i 


Pujict Sound 


Mobile 


Detroit River 


Vermillion River (ICW 15,‘'-17>)) 


St. I.ouis 


I.ong Island Sound 


I.os .Ancclcs I.one Beach 


Corpus Christi 


Boston 


VTS Sectors and Levels Needed 


2 of 1.2 


1 ..^ 


1.3 


2 of 1.2 


2 of 1.3 



Table 4. Ports and Wateruoys Ranking |Rcf. 15' p. vi] 













































X Functional Description of a \ cssel Traffic Center (\’TC) 

I lie iicne center of a VTS i<> the Ve'«'-el I rallk Center (VIC). Typiciilly the 
ViC is manned by a Watcli Ollicer, a Watch Supervisor, and one or more 
Watchstanders. A description of tlie duties of these people will complete a picture of 
what a VTS is responsible for, 

II. If'utc/i OJJh'ir 

The Watch Oflicer is a contmissioned L'.S. Coast Guard oHiccr (0-2 0-3) 
generally following completion of a tour as Commanding OlViccr of a small Coast Guard 
Cutter. He or she is responsible for the overall performance of the VTS. The Watch 
oniccr's duties include: supervision of VTS operation, regulation of anchorage use, re* 
porting regulation violations, physical security of the VTS system fttcility, and training 
of new watchstanders, When necessary, the Watch OHiccr lias the authority to exercise 
vessel trallic control. In this case he or she may di-cct the movement of vessels in the 
\'TS. ?\ormally a VIS will simply monitor vessel trallic and provide trallic and navi- 
gation inrorniution wlien it is necessary. 

b. ff 'iihh Sitpevvhar 

The iVatch Supervisor is a Coast Guard civilian employee (GS-11) or Chief 
Petty OlViccr (li*? S). The Watch Supervisor assists the Watch Ollicer, lie or she 
supervises the watcli in the absence of the Watch Ullkcr. The Watcli Supervisor is also 
responsible the training ol'new wa'clistaiulers. 

c. ff'iiiiltstiiiuUus 

The ^Vatel 1 s^andcrs arc either enlisted Coast Guard personnel 6) or 
civilian employees (GS-9). The watchstanJer monitors and advises trallic in the VTS 
area and anticipates the niovcnient of trallic witltin his or her VI'S sector. The 
watchstander is seated so that he or she can monitor one or more radar and video dis¬ 
plays. The watchstander also nioiiiiois the associated VHI’.I'M voice coiiuiiuiiitalions 
Ckjuipmciu. The watclistander maintains radar and voice contact with each vessel in his 
or her sector. He maintains an information base that includes; 
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• Vessel 1U1I1K'. 

• I’ilin ijenulkr. 

• Vessel type. 

• Po-sition. 

• Draft. 

• Designation of vessel in VTS system. 

• Route. 

• Any other relevant information. 

In most eases thi.s information is kept on a paper card similar to Figure 1 
on page 1.5. The watchstandcr attaches this card to a magnetic board that provides a 
graphic display of the VTS sectors. As vessels in non-surveillance sectors update their 
positions, these cards are annotated with the time and location, then advanced oit the 
board. li.samples of non-surveillance sectors areas include rivers and olVshore approaih 
lanes. In some areas video cameras arc used to monitor the accuracy of the vessel po¬ 
sition reports. These voice reporting systems arc called Vessel Movement Reporting 
Systems (VMRS) for river areas or Offshore Ve.ssel Movement Reporting Systems 
(OV.MRS) for deep sea approach areas, respectively. 

If a vessel is in an active surveillance urea (normally radar coverage), the 
watchstandcr will acquire and designate the target so an Automatic Radar Plotting .^id 
(.\RP.\) can track it. il' the VTS is so ciiuippcd. If the V TS is not .ARP.A equipped, 
manual radar plotting techniques are used (grease pencil marks on a plan position indi¬ 
cator tPPI)). When a vessel requests it. or in anticipation of a trufTic conflict, the 
watchstandcr will issue advisories to the appropriate vessels. During periods of low 
traflic density, one watcltstander may he responsible for monitoring multiple radars and 
VTS sectors, including the OVMRS and the V.MRS (Refs. 9. 17; pp, 12-N). 

E. VTS PROGRAM MANAGEMENT 

The Coast Guard program manager for VTS is the OHlcc of Navigation Safety 
Programs (Conunandant G-NSP), This headquarters olTice is charged with management 
of Coast Guard VTS programs involving active traflic management. As a program of¬ 
fice, G-NSP has suffered from decreasing budgets, personnel cuts, and a lack of project 
priority. Following the Exxon Vulde? oil spill, the program office \tas boosted in per¬ 
sonnel strength and status. This was a reaction to a Congressional mandate to install 
a \' fS in New York harbor and interest in reactivation of VTS New Orleans. 
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Figure 1. \'TS Vessel TruclUng Card 



The complement to active trallic management is. of course, passive tralfic manage, 
ment. Passive techniques include the rules and regulations developed by the Coast 
Guard. These techniques are used where responsibility for compliance may safely be 
placed on the user. E.xamples of passive tralTic management techniques include: 

• .Administration of Federal Anchorages. 

• Designation of Safety Zones. 

• Regulated Navigation Areas. 

• Navigation Safety Regulations. 

• Navigation Rules (Internationa! and Inland). 

• Bridge-to-Dridge Radiotelephone Regulations. 

The Coast Guard does not have a specific program olTicc for passive traffic man- ^ 

agement. * 
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F. COAST Gt'ARD \’TS CONFIGlJRATIONS 
1. Ports ami Equipment 

The Coast Guard currently operates seven VTS systems. The location and 
equipment suites are listed in Table 5 on page 16. 


Location 

#of 

Sec¬ 

tors 

VTS 

Lev¬ 

els 

Man- 

datoiy? 

Radar Sy.stem 

#of 

B/\V 

LLLTV 

Sites 

#of 

VHf-FM 

Sites 

San I 'rancisco, 
CA 

a 

ra 

No 

2 AN FPS-121 

X&S Band 

1 

3 

Mouston- 
Galvestbn, ’I X 

S 

mmm 

■Hi 

No 

1 AN TPS-121 
X-Band 

8 

3 

Puget Sound. 
\\’A 


B 

^es 

1(1 AN TPS-lny 
X-Band 

0 

DB 

Prince ^^'illiam 
Sound. .AK 

2 

1.2 

1..'^ 

'I'cs 

2 AN TPS-121 
X-Band 

0 

7 + 2 

HT sites 

Berwick Ba^. 

I.A 

n 

1.3 

Sevs 

1 AN SPS-64V 
X-Band 

1 

1 

« 

l.oiiiss ille. 

I 

■Bi 

'I'cs 

none 

none 

1 

Suult .Saiiuc 
Marie. MI 

a 

1.2 

No 

none 



New York 
Harbor (pro¬ 
posed! 

■ 

1.4 

^■es 

7-8 X-Band 

7 

un¬ 

known 


Table 5. Summary of \TS Capabilities 


2. Equipment Description 
a. RmiiV' Equipment 

The Coast Guard operates two radar systems as the primary surveillance 
tool for VTS. These radar systems arc based on commercially available, maritime sur¬ 
face search radars. Remote radar sites normally consist of redundant 
transmitter receiver systems, wide band radar data link systems, and a radar control 
signal system using cither wide band or narrow band (voice grade) data links. 

'/> Radar Erequenev Bands. The Coast Guard primarily uses X-Dand 
radars. These radars provide a higher degree of target resolution. As seen in Table 6 
on page 17 the X-Band radars can sullcr significantly due to rain, snow, or sinnlnr 
meteorological phenomena. To counter the cii'etts of this type of system degradation. 
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a few VIS radar sites are equipped witli both N-Band and S-Baiid radar 
transmitter reecisers. 

Table () lists tlic general characteristics of the radar bands used by 
Coast Guard VTS radar systems. 


Radar Band 

HQQIQQQII 

Range 

Characteristics 

S 

2-4 GHz 

0.5 to lOU 
Km 

Low attenuation due to weather Me¬ 
dium target resolution 

X 

8-12 GHz 

0.5 to lOU 
Km 

High target resolution High otten- 
uation due to weather (.30 times 
greater than S-Batul) 


Table 6. Radar Band CharaclerUlks (Ref. 18: pp. 5-1 to 5-13J 

A .\-rPS-l09. Tlic A N-I-PS-109 radar is used in the Puget Sound 
VTS and will be the initial radar at Governor's Island in the resurrected 'sew York VTS. 
This radar is a twenty year old. analog radar. It does not include enhancements beyond 
being equipped with a PPl for manual, grease pencil, contact plotting. The remote 
transmitter receivers arc linked to the VTC indicators usiitg lOMlI? microwave circuits. 
These twenty year old analog microwave circuits carry broadband radar signals which 
include the following components; 

• Radar Video (broadband target information). 

• Riidar Synchroni/aiion (system timing). 

• .Azimuth Information (antenna direction). 

Control signals from the operator position (range selection, gain, fil¬ 
ter control, etc.) aie returned to the remote site by eitlicr voice grade telephone circuits 
or on the microwave circuit. 

The AN I PS-luy lias reached the end of its economical life. Repair 
parts are becoming expensive and scarce. They arc X-13and radars and enjoy relatively 
good target resolution. The indicators must be used in a darkened room. 

A .\'FPS-I2}. Tlic .A'N-FPS-121 radar is a slightly modified version 
of the commercially .available Raytheon Pathfinder radar. This radar is also very similar 
to the standard surface search radar installed in Coast Guard Cutters, The 
,‘\ N-rPS-121 is a step up from the rPS-109 system. Tlic rPS-121 uses digital process¬ 
ing to enhance the radar display and to provide the functions of an Automatic Radar 
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riotting Aid (AKPA). 'I'liis radar may use either the X or S radar frequency bands. ‘I lie 
remote radar tiaiiMnitter receiver systems also use lOMII/ microwave circuits to link 
broadband radar signals to the V'lC, Control signals arc sent to the remote sites by 
telephcne or microwave systems. The advantage of the rPS-121 system is use of digital 
signal processing and incorporation of ARPA functions. 

The processing techniques used in this system are becoming standard 
in all commercial marine radars and will be briefly discussed. The system converts the 
analog radar information, received at the indicator, into digital information. These 
digitized signals are saved in a digital memory on a sweep-to-sweep basis. Each sweep 
is compared with the following sweep. Only target information that is present in both 
sweeps is displayed. Radar clutter (sen and rain return) is greatly reduced using this 
technology. Target range and bearing is then extracted and displayed on the indicator. 
This target information may also be accessed by add on systems like an ARPA. 

The .‘\RP.'\ system for the EPS* 121 system is basically a stripped 
down version of Raytheon's ICWC.AS V ARPA. 1 he ICAYCAS V collision avoidance 
system (C.A.S) is standard on Coast Guard Cutters and is also commercially available. 
The ARPA system provides several features desigited to assist a radar operator. Using, 
symboli/atioii and digital displays, an ARP;\ provides the Ibllowing fimciions and in¬ 
formation; 

• Manual and automatic target acquisition 

• .Automatic ta et trucking (of acquired targets) 

• Display of tracking history (speed and direction) 

• Display of current leading and speed 

• .Alarms for close passage of tracked targets 

• Display of the location of potential collision between contacts 

• Display of basic navigation inlbrmation (fairway and channel boundaries, buoy 
position, etc.) 

The A N-FPS-121 also provides an RS-232 port for automatic col¬ 
lection of tracked target information. The indicators used by the Coast Guard must be 
used in a darkened room. 

b. Chii’il Circuit Television (CCTV)ILow Level Light Television (LLLTV) 
Equipment 

Closed Circuit Television with Low Level Light Television camera technol¬ 
ogy is used by several VTS systems, lhc.se systems arc used to monitor VTS areas 
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composed of iKirrow cluiniicls, slump bends, or simikir "bottle-neck" areas uherc radar 
is not ell'cctive. The C?C'TV systems provide tlie VTC witli visual iitlbrnuition allouinc 
the operators to ideiitil'y vessels and ilirectly monitor traflic conditions. I se of 1.1.1.TV 
camera technology allows monitoring at night. The broadbattd video data rrom remote 
camera sites is linked to the VTC using lOMllz microwave circuits, Camera operators 
arc able to remotely control tbc azimuth (direction), tilt, zoom, and focus of the cameras. 
Control information for the cameras is sent from the V7 C using either voice grade tele¬ 
phone lines or broadband micro\vnvc circuits. 

c. fUF-rM I’oicc Communications Equipment 

The primary means for a VTS to communicate trafTic information to par¬ 
ticipating vessels is over N’lir-TM radio telephone circuits. The Coast Guard operates 
many of these systems. Vlir-PM provides high quality, line-of-sight, voice communi¬ 
cations, Due to the line-of-sight restriction, several Vill'-r.VI sites may be required to 
obtain Hill VTS coverage, The technology used to control the VMI'.r.M remote 
transmitter receiver equipment is normally audio tones sent over voice grade telephone 
lines. The audio information travels to the remote site on the same voice grade channel. 
VTS Prince ^^■illianls Sound has the capability of communicating using either \Tir»I-M 
or high frequency (HIT radio equipment. 1,‘se of IIF communication equipment pro¬ 
vides longer ranges as the signal is not limited to line-of-sight propagation, 

(t, Computer Equipment 

The Coast Guard operates a very basic contputcr system for vessel tracking 
in VTS Houston Galveston, The computer system, and hardware, was dc.signed in the 
early mTo's, There is currently a Coast Guard project to update both the soHwarc and 
hardware to proside a more integrated approach to vessel management, 
c. Data Link Equipment itnUrowarcJ 

The Coast Guard relies heavily on microwave systems for iraitsinitting 
broadband radar and video signals from remote sites back to the VT C, These systems 
were installed in the early 1970's. They arc analog. 10 .MIlz, solid state systents. The 
maintenance costs of keeping them on-line with better than 99% reliability have become 
prohibitive (Ref. 1], 

G. VTS DATA CONTENT 

As an information source, the current VTS systems capture sialic, dynamic, and 
processed dynamic data. Static data includes inforination that docs not change during 
the period the vessel transits the VTS area. The name of the vessel is one of the static 
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d;ifa clonioiitv Dynamic uata changes as a functism of time while the vessel is in the 
V TS system, llie position olthc vessel is the most obvious example of this type ofslala. 
Processed dynamic data is information calculated from the dynamic data in the VTS. 
One example of processed dynamic data is vessel speed. Vessel speed is calculated from 
successive positions over a period of time. The data captured and recorded by Coast 
Guard V TS systems is listed below. 

• Vessel Identillcation ‘lag (static), 

• Vessel Type (static). 

• Vessel DraP (static). 

• Vessel Position (dynamic), 

• Vessel I£TA to Next Reporting Point (dynamic). 

• Date (dyniimic). 

• Weather Conditions (dynamic). 

• Vessel Course (processed dynamic). 

• Vessel Speed (processed dynamic). 

Cach VTS is rc<iuired to collect historical data such as the total number of transits 
through the VTS, This data is normally calculated manually as part of the overall ad* 
minUtiativc reiiuircments of the VTS, An c.xamplc of historical data collection is cal* 
dilation of the total number of vessel transits by manually counting the number of 
OVMRS and VMRS cards used in a month. 

In the course of normal operations, VIS personnel create an informal database 
consisting of general knowledge regarding participating ships, and their actions while In 
the VTS. This information is static in nature and includes the following elements: 

• Regulatory violations. 

• Owner infoimation. 

• .Master information. 

• Navigation accuracy, 

• Radio conuminication skills Including problems with a language barrier. 

• General work history including ports visited and routes used. 

Although inlbrmal in nature, this information is used by VTS controllers in deciding 
what actioi'.s arc most appropriate for the situations present within the VTS. 












in. NTS AND COAST GUARD COMMAND AND CONTROL (O 

A. O PLANNING FOR A MULTI-MISSION ENVIRONMENT 

As the Const Guard enters the 1990's, the diversity of missions, operational plat* 
forms, and geographic necessities will continue to strain the command and control ((?) 
systems of the Coast Guard. This includes the VTS systems. With decreasing budget 
levels, the need for maximum efllcicncy and cfTectivencss will continue to grow. These 
factors have caused the Coast Guord to look toward the use of computer enhanced O 
tc better manage the already stretched resources. 

Due to the complexities of the Coast Giuird's various mission areas, it has been 
necessary to maintain several specialized Openttions Centers (Ol'CHNs) in a single area. 
L\xn though spcci.ilized, these OPCLNs share u conunon need for basic information and 
Coast Guard resources (personnel, ships, bouts, and aircMfU. In a simple sense, these 
shared needs may be summed up by three i|Ucstions. Thev arc: 

• What are the missions? 

• N\'hat Coast Guard resources arc a:>signed? 

• Where tire all the players? 

In order to cITectively manage missions and resources, Coast Guard OPCLNs need 
an accurate tactical picture, tailored to their specific inierc.sts. Const Guard OPCLNs 
are hierarchical in nature over a geographic area. The upper level OIH^LNs provide 
mission tasking and guidance. The lower echelon OPCLNs act ns the conununications 
link between the Coast Guard resources and the upper echelon OPCLNs. At the present 
lime, the primary means of sharing information between Coast Guard OPCLNs and 
operatiomil resources are voice circuits (telephone and radio) and message exchange 
(L-Mail and record trullic on dedicated circuits) (Ref. 19 : pp. 2*22 to 2*28j. These cir¬ 
cuits arc subject to data and human error, circuits outages, and arc inherently incfllcicni. 

Coast Guard VTS commands possess a part of the tactical picture needed by these 
OPCLNs. 'I'lic VTS can provide a geographically oriented picture of harbor and coastal 
ureas, including the location of Coast Guard resources and other mission essential in¬ 
formation. This information is, however, stuck within tlic VTS. In planning the second 
generation of VTS ■ ystems, the Coast Guard can greatly increase the effectiveness of this 
surveillance information by making it available to other Coast Guard C’ s\.stems, This 
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is possible through ciircful system pUiniiiiig that recognizes the ncoJ Cor improved and 
integrated (“ capabilities IRef. I'l: p. 4*I4|. 

B. O THEORY AS APPLIED TO VTS SYSTEMS 
1. Definitlun of a O System 

A C system is essentially an information handling system. It provides the in* 
formation necessary for accurate and timely decision making. A O system must inter¬ 
face with a variety of external information sources. These sources provide data in ways 
that reduce the probability of making an incorrect decision. Interoperability between 
information sources is a key factor in the design of an elficient and effective O system 
[Ref 20: p. 2S2]. 

.•\s a management tool, a O system has three bosic characteristics. The first is 
that the O system is used to implement management functions which include control, 
supervision, warning, situation assessment, decision making, and decision execution 
I Ref 21: p. 4], The second characteristic is that, in most situations, the system must 
work in "real-time". A real-time operation may be defined us: 

...one that presents an answer to a continuing problem for a particular set of values, 
wltile those Nallies are still available [Ref 21: p. 4). 

This element of time is measured relative to the needs of the system and decision maker. 
I'or a VTS. "real-time" may be quantified as the latency between data acquisition and 
data display, The Coast Cluard has stated that a latency of between ten and fiRcen 
seconds is acceptable |Ri.'f 22. 2.v, p. 111. for a ship steaming at fifteen knots, this re¬ 
presents a distance of about 2.'S() feet, This is approximately half of the width of a small 
major shipping cliunnel in the L'nited States. .Many lieuvily travelled channels arc much 
wider. Tile tliird O management cliaraeieristic that sucli a si stem should provide is an 
cdicient means for planning, managing, and controlling operations |Rcf 21; p. 5]. This 
includes botii graphical and analytical tools for planning fbturc operations, display of 
the current (real-time) information, and analysis of historical data. 

A Command and Control system is actually made up of three sub-.systems 
working together to support a decision maker. These sub-systems arc defined as; 

...a conmmti suh.\\ stcni consists of those processes and staff that directly support 
any decision maker, military or civilian. A control subsy-sieni consists of the lime- 
lions and entities througli whiclj boili a decision is executed and information is re¬ 
ceived to facilitate future decision making and to monitor progress. Conmwimiima 
AN/t.yi v/r/M.v iiuerconnect tlic elements of the conunand and control subsvstcms. [Ref 
2u: p. :s:i 






For a VTS these sub-systems could be delineated as: 

• Coiiiiiiaiid Subsystem - V PC Watclistandcrs and vessel location displays (radar and 
\'MRS boards). 

• Control Subsystem • Surveillance csiuipmcnt (radar, video, and radio position re¬ 
ports) mid the regulations supporting VTS. 

• Communication .Subsystem • VlIF-FM voice radio, wide band microwave radar 
and video links, and telephone circuits for system control links. 

2. Conceptual Models of O Systems 
< 1 . Boyt/'x OODA Loop Snucture 

One of the best models ofa O system is Boyd's OODA Model, illustrated 
in Figure 2 on page 24. Boyd's model illustrates the O process Rmetions that support 
a dcci^ioll maker, fable ^ shows how Coast Guard Vf.S fits into this model, 


Mattel 

Black 

N'TS Function 

Observe 

The task of observing the FNVIRONMFNT. This includes both ac¬ 
tive and passive sensing teehnii|ucs. 1 he goal is to provide tontiiuu'ps 
coverage of the environment, under all conditions. 1 he key parame¬ 
ters ofthii ('unction arc coverage and information timeliness. 

Orient 

The task of this fuiutiun is to detect significant situations and to 
forecast changes in the current situation. Forecasts guide the OB- 
SliRk'i: function by indicating where to look, and what to look for. 

■fhis Rinction also provides background im'orination such as draR. 
destination, and past history, fhe DRIliNT Rinction provides the 
tactical picture. Key parameters are completeness, accuracy, and re¬ 
sponsiveness. 

Decide 

This function is e\trcmcly complex and is carried out by the decision 
maker, using the O system. Decisions are based on the tactical pic¬ 
ture and other relevant information provided by the ORII-N'f lUnc- 
lion. 

Act 

.ACf is ilie interlace between the deciMon intikcr and the FNk’lRON- 
MFN'l', It is the means for the decision maker to inllucnec the FN- 
VIRONMFNT. This part of a VTS O system includes the laws, 
regulations, and communication systems supporting the VTS. 

linviron- 

ment 

For a VTS, the FNVlRONNinNT includes the surveillance area, ves¬ 
sel irallic weutlicr. political climate, and similar factors. These items 
inniicnce, or may be inllucnccd by, the decision maker. 


Table 7. Boyd’s OODA Model and VTS (Ref. 24: pp. 20-3CJ 
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Figure 2. Boyd's OODA Model [Ref. 24; p. 26] 


III designing a O system it is necessary to understand the nature of the en¬ 
vironment to be controlled. The environment is generally categorized into one of four 
classes based on the predictobility of probable outcomes [Ref. 24; pp, 51-52]. The Four 
classes are: 

• Deterministic - for a given initial condition there is only one possible outcome. 

• Moderately Stochastic - only a limited number of similar results are possible with 
u given initiol condition. 

• Severely Stochastic • a larger number of outcomes are possible with a given initial 
condition. 

• Indeterminate - For a given initial condition, the outcome cannot be predicted. 

When viewed as a probabilistic process, a VTS seems to be best described 
as moderately stochastic. The number oF possible outcomes are highly constrained. The 
possible outcomes arc limited by federal regulations such as the Inland and Internutlonnl 
Collision Regulations [Ref. 25] and by the physical nature oFships moving in restricted 
channels. VTS control technique.! will aflect the environment in a predictable way. 
Based on this ability to predict the outcome oF a set oF conditions, timely facts and data 
become very important to the decision maker, in a moderately stochastic process. The 
control process structure is also important as it guides the construction oF predictive 
models, allowing better control of the environment IRcF. 24: pp, 51-53J. Based on a 
moderately stochastic OOD.A model of a VTS, the decision maker will need a mi.xturc 
of timely data (vessel position, identity, and movement), Fu^ts (vessel draR, weather, and 
maneuverability^, and control process stfticture (voluntary or mandatory participation, 






vessel control or position luonitorinp. etc.) in orJcr to make the best decision and tlien 
monitor the outcome ol'that decision. 

b. The Conumnd Supervisory Post (CSP) 

The most important part of a O system is the Conunand Supervisory Post 
(CSP). This is the conceptual point where decisions arc made. In a VTS, the CSP is the 
VTC. rigurc 3 on page 26 illustrates Morris's CSP model. This model details the types 
of information used to make a decision in a CSP. Decisions are made by both the hu» 
man decision makers os well as automatically by the O system software. The decisions 
made solely by the O system software are generally constrained to a specific response 
to particular set of data conditions. An example of an automated O decision is soltwarc 
soundiitg an alarm when a radar contact moves out of an established transit zone. 

.4/1 E.\'pi//n/ed O Model 

Hoyd's OOD.A .Model and .Morris's CSP .Model are useful us conceptual 
aids in seeing the need to segment O into distinct Ainctions. In order to apply this type 
of conceptualization to fitting a VIS into a Coast Guard wide O .system, it is necc.ssary 
to expand the model. .Morris's expanded ntodel (l igurc 4 on page 27) details the O 
proces!. into eleven Ibnctions. 'I'he following list annotates these steps with comments 
relative to the incltision ol‘ V TS information a.s one of several information sources for 
an upper echelon CSP (Kef. 21: p. 6|, 

1. Data .-\c(|uisition • V TS data is currentiv ttaiuircd from three sources. 'Ihcy arc 
sidco. radar, and voice communication. nN'Iicu this information enters a P system 
it should he in a standard form, This will allow for design modtilarity and llexibil* 
ity, Uach source ol' inidrmation will require a subsystem to put the data into a 
standard format. 

2. Dat.. .Assembly, Validation, and Correlation • Raw data is assembled into a usable 
form I'or u database and checked for validity. Raw data is correlated with data 
stored in a database. Tor N' I S rnformatioir this nray be .seen us linking the incom¬ 
ing data to a particular d.itii set (ship name) that includes a wide range of ini'or- 
matioir including present position, historical position, and descriptive information. 

3. Data Processing ■ Data is processed in order to provide Ilirthcr information such 
us course, speed, and other relevant information. 

4. Data I'pdating • Processed data is written on to a database record, This is similar 
to the VTC operator annotating the Vessel Trucking Card (f'igurc 1 on page 15). 

5. Data .Storage - The updated database record is placed into storuge for use in a 
tactical display, vessel tralllc analysis, and communication to external P systems. 

6. Information Display • Real-time iirformation is conrbined with user selected infor¬ 
mation and displated. In a VT.S this could be real-time radar contacts being 
overlated on a digital chart with the conrpositc being displayed on a computer 
monitor. Tach contact could hate its identity, vessel typo, nnd similar inidrmation 
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Figure 3. Morris's Command Supervisory Post (CSP) [Ref. 21: p. 12] 


displayed. Potentially dangerous situations couid be highlighted Tor operator 
action. 

7. Data Retrieval • Inforniation is selected for display, or further analysis based on the 
desires of the user. 

8. Decision Making • This is where the human element and the information process* 
ing element of a C system meet. Some decisions are made outomntically, based 
on rules established within the C system. The user may modif^' these rules and 
select other informotion to better suit his or her current needs. 

9. Conunand Dispatching • This Ihnctlon provides the decision maker with a means 
to control the O environment. In the current VTS systems, this ibnetion is carried 
out over VHF*FM voice radio circuits. 

10. Command Implementation • This Rinction contains the interface between the de¬ 
cision maker nnd the C* environment. It Is easily charocterized as the VTC 
Watchsiandcr ordering a ship to anchor. The regulations supporting VTS require 
the vessel to comply, so the vessel acknowledges the order and carries it out. 

11. Controlee Actions • Within the overall environment the O system is designed to 
detect particular events. Controlee actions, such as maneuvering to anchor, are 
events the O could detect and monitor. (Ref. 21; p. 6) 

In a macro sense, a VTS is one of several information sources that could 
be available to Coast Guard decision makers. A large scale C* system would use some 
of the information stored in a VTS O system, based on t he needs of the decision makers 
running the upper echelon O system. In this conte.\t it is important to note that the 

, » ^ 

conununication systems supporting such a system are as important as the lower level 
O systems. A O system linking geographically separated information sources will de- 
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Fiulire 4. Morris's Expanded O Model IRef. 21: p. 6 ] 


pend hCsTvily on rapid and reliable inlormation transfer. This dependence must be con¬ 
sidered part of the sophisticated system. 

3. O System Example.! 

fl. Il oi'W- Widt iMlliiary Command and Conti ol Syitem ( 

WW.MCCS was developed in the late 1960s and is used to facilitate the 
planning and c.xecution of military operations. It is composed of over eighty mainframe 
computers being linked by a dedicated data network using the Department of Defense 
.AL’TODIN system, .vlany mini-computers and terminals arc also linked into the sys¬ 
tem. This equipment is centered in about thirty locations worldwide. WW.MCCS con¬ 
tains database information on the operational status of military units. The database 
includes information regarding geographic position, mission readiness, training status, 
supply status, personnel status, and equipment problems. Opcrotionol units input in¬ 
formation using .strictly formatted message tralTic. Authorized users are able to select 
the information they need, and display it, in a wide variety of ways. WW.MCCS also 
includes tools used to assist with planning military operations. ^ 

.As a C* system. VTS differs from WWMCCS in that VTS requires real-time > 

information oriented to a particular geogtaphic location. WW.MCCS may be used as 
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an analogy for an upper echelon Coast Guard C’ system that supports multi-mission 
decision making and that requires standardized inibrmation I'rom seveial 'oiirces. 
b. Air Tr(tf)h' Control (ATC) 

The Federal Aviation Administration (FAA) maintains an extensive Air 
TrafTie Control (ATC) system throughout the United States. This system is often viewed 
ns a parallel to Coast Guard VTS systems. The ATC system Is composed of several 
layers of control being linked by various data communication networks. These layers 
(Ref. 26] include: 

• Airport Traffic Area. This is the area within five miles of an airport with nn oper¬ 
ating control tower. All aircraft arc required to comply with the instructions ol the 
federally manned control tower. Airport Surveillance Radar (ASR) is used to de¬ 
tect and control airborne trufik. 

• ,^irpol•t Radar Service Area (.\RS.\). This is the area within twenty miles of busy 
airports, All aircraft are under radar surveillance and are required to comply with 
.•\TC directions, ARS.As contain one or more .Mrport Trulfc .Areas and the asso¬ 
ciated ASK systems. 

• Air Route Tralfc Control Center (.ARTCC). This is the heart of the ATC P sys¬ 
tem, The U',S. is broken into several geographic sectors, each being serviced by an 
.ARTCC. Tracking information from .ASR and .ARS.A radars selectively flows into 
and out of the .AR'fCCi based on the path of an aircraft, .ATC sector controllers 
"luindoir this information us nn aircraft moves from one area to another, I he 
handofl'is in the form of contact identification and trucking information only, The 
handofl'information is digital data which may be passed over high speed, narrow 
band communication links, The new controller hooks the radar contact to begin 
the automatic tracking process. The AKTCC is also the link between a pilot's 
ilight plan and the ,ATC, Through this system ,A1 C manages route congestion and 
airport arrivals and departures. This is done through a combination ol' route se¬ 
lection, holding an aircraft at a particular airborne area, and authorized departure 
times. 

The major dilFcrcncc between A'l C and VTS is the degree of control over 
participants. Unlike Coast Guard VI'S, .ATC assumes direct control of all commercial 
air tralfc. This includes takeoll, routing, speed, altitude, and landing instructions, fhe 
ATC system is designed to facilitate both safety and traffic volume. Due to the speed 
of jet aircraft and the complexity of U'.S. airspace, the ATC P system requires direct 
human control, extensive redundancy, and in-depth training for both the user (pilots) 
and P system controllers. In the busy U'.S. airspocc, AFC requires real-time radar in¬ 
formation with a data latency of less than one second. 

The Airport TrafFic Area and its ASR system provide a good analogy for u 
Coast Guard \' fS P system. The ASR covers n limited geographic urea and passes 
surveillance information to the upper echelon sectors (ARS.A and ARTCC). It does not. 
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liowcvor. provide llic dcpili ol' service or planning Ilexibility needed for nuilti-tnission 
operational support. Incorporation of tl)C real-time ATC data into the planning I'unc- 
lions and information structure of the WWMCCS system illustrates, conceptually, the 
direction that systematic planning can take Coast Guard VTS systems. 

c. AutomtUed Mutn<il‘Assistaiice Vessel Rescue System (AMVER) 

The Automated Mutual-Assistance Vessel Rescue System (AMVHR) is an 
international, computer based position reporting service run by the Coast Guard. The 
purpose of the system is to provide a database of commercial vessel positions that can 
be used for S.\R response in areas not covered by a S.-\R resource. Vessels file voyage 
plans using several communication sources including commercial and government radio 
stations and services. Tliesc messages arc manually entered in the database. Vessel 
positions are kept current using subseciuc’nt position reports and dead reckoning tech- 
ni^iucs. When requested by one of the Coast Guard Ol'ClINs, the AMVCR database 
is queried with a position and radius. The identity and position of participating nicr- 
cluiiu vessels is reuirned. Nearly vessels arc active in the database daily. 1 his re¬ 
presents appro.Nimatcly one third of the world's merchant fleet. 

AMVIiR participation is voluntary for foreign flag vessels. L'.S, llag vessels 
are required to participate under the I'.S. .Maritime Administration’s L'.S. .Merchant 
Vessel Reporting System (I'SMTR). The L'SMliR system is designed to provide the 
position of L'.S. mercham vessels for SAR and national defense purposes. L'SMLR in¬ 
formation is forwarded to the Coast Guard A.MVliR system, the L.S. Nau, and to the 
L'.S, Maritii Administration. 

C. COAST GUARD PRO.IECTS AND COMMAND AND CONTROL 
1. Adoption of C" In the Const Guard 

'1 he Coast (iuarJ has started to integrate O into the daily routine of the oper¬ 
ational C.'o.ist (iuard. In the following pages the author will outline some of the im¬ 
portant policy movements within the Coast Guard and briefly describe projects related 
to both O and VTS, 

a. O Policy luid Operating Precepts 

In an elTort to cstabli.sh an integrated O policy within the Coast Guard, the 
Commandant commissioned a study to determine and document the strategic direction 
of information system tccimology (Ref, 27: p. 2j. While the focus of this study, tilled the 
L’.S. Coast Guard Information Technology Architecture, was on Coast Guard adminis¬ 
trative information systems, the policy that the report established directly impacts the 
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design ofCoast (uiard O systems. Of the major strategies identified, tlic following most 
directly impact the design of a VTS P system. 

n / Fi'drritl Inforniatiun Processing SiaiiJiinis H'/PS /. The Coast Guard 
will comply with the emerging Tederul Information Processing Standards (FIPS). These 
include: 

• POSIX (FIPS 151). Portable Operating System Interface for Computer Environ¬ 
ment. This standard provides n tool that is designed to provide a vendor inde¬ 
pendent interface between application programs and machine specific operating 
systems. This will allow programs to be written in a manner such that they can run 
on many machines, without expensive and dilTicult conversion. The standard is 
applicable for all computer systems from micro computers (PCs) to main frames. 
POSl.X defines a C language source code level interface to an operating system 
environment and will mature to include other languages including .Ada. Fortran. 
Pascal, and Cobol. 

• GOSH’ (FIPS l-!fi|; Government Open System Interconnection Profile. 1 iii set 
ol’ standards requires all federal agencies to u.se the seven layer ISO Open System 
Interconnection (OSh protocols for new and updated information systems and 
networks. 

• SQI. (FIPS 127). Database Language SQL (Structured Query Language). This 
standard is designed to promote portability of database definitions and application 
programs between computer systems. It specifies two languages that make up a 
relational database management system. While SQL is not specifically designed for 
distributed systems, it does include enough fiexibilit'' and power to allow for this 
type of programming. 

'2/ PTS-^fiOO omi Commercial Tclccommunicciilon Systems. The Infor¬ 
mation Technology .Architecture report also established that data, me.ssagc. record, and 
voice transmission is to be accomplished using the mo.st cost clTcctivc mcan.s available 
while meeting user requirements for response, security, interoperability, and 
survivability, 'fliis is to be ticcomplishcd primarily through F'l SOOOO and commercial 
telecommunication systems Ibr shorc-to-shore needs and inrough a combination of ra¬ 
dio, satellite communication, and cellular phone sy.ncms (close to shore.) for Coast 
Guard ship-air-shorc commuiiication links. 

>yaiioital Security Regulations. Tlic Coast Guard's information tech¬ 
nology architecture will also follow National Security Regulations. One of the most 
important aspects of this policy is the requirement that computer systems using secure 
information must be wlioDy separated from non-securc systenis. This regulation specif¬ 
ically prohibits telecommunication links between non-sccurc and secure information 
systems. This requires use of an "air gap" data transfer system. 
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b, /nfor/ridtion Ti’c/inuloi;y Architecture Precepts 

In 19SS the (' oas: Guard completed a ■itiidy on the dc'^ien of an Into,crated: 
Command Center (ICC). The purpose of this study tvas to: 

...provide a topdcvel structure for promoting teamwork and efficiency among all 
participating functional areas of the conunand center complc.\ [Ref. 19; p. 4*1]. 

In doing this, the ICC study rccctnmcndcd adoption of four precepts. These precepts 
further indicate the Coast Guard's shift toward integrated O planning. The precepts are: 

• Focus on the needs of the principal decision makers. 

• Conunand Centers (or OrCTNs) .should function as a "single entity", a unified 
team with clo.scly cooperating members. Command centers should be functionally 
integrated, even though they are physically separated. 

• The ICC must be prepared for all modes of operations, This requires ih. ICC to 
be organi/-ed and ciiiiippod to handle all possible mis.sions or mission combinations 
u'i well as being prepared for extended high tempo operation.s during civil or mili* 
tary crisis, 

• I he ICC must be prepared for all po.sciblc security requirements, from non-secure 
S.AR cases to highly secure military operations. 

c. Autouuiteti Geoloeatioiuti Pbtting Ctiptibiilty 

During the course of the ICC study, the strengths and weaknesses of Coast 
Guard OPCXNs were highlighted. The report noted: 

The general lack of an ellcctive and fully integrated automated gcolocntional plot¬ 
ting capability emerged as on: of the most severe deficiencies of the conumiml center 
survey. .An automated jgeolocatioiuil plotting enpability refers to the capability of 
an ADP .system to preside tools for displvayiiiE high-resolution, video-based charts 
of sigiiiiicaiu geographic areas, Such e capabilitv necessarily includes varying chart 
scale and incorporates economic, military, and'cultural cartographic features, as 
desired, as well us the capabiliiy to overlay truckplots of high intcMCst vessel tralTic. 
Such a capability has been demonstrated to be of great value in S,-\R operations 
where rapid location ol'SRU.s {Search Resmiice i'liiis) is required, and in LI; oper¬ 
ations where multi-vessel Uiterdiction operations require.s near-continuous know¬ 
ledge of all vessel positions, A key element of tliis capability is the automated 
processing (i.e., plotting) of vessel track data extracted from formatted message 
tralTic, This capability would be particularly uscllil in high inten.sity crisis and .MDZ 
scenarios. (Ref 19: p. 2-lb) 

2. Const Guard O Projects 

/\ "fully integrated automated gcolocaiional plotting capability" is an example 
of the type of computer enhanced C" that the Coast Guard needs. The Coast Guard has 
a number of projects underway that arc designed to meet the O needs of the service. 
In the following paragraphs the author will briclly describe some of these projects. The 
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technologies being used by these projects arc stutc-or-the-ari and must be considered in 
tlie design of a second generation VTS. 

it. hntUal Com/niler Systems 

The Const Guard is designing two tactical computer systems. They arc the 
Shipboard Tactical Computer {STO and the Geographical Tactical C omputcr (GTC). 
The purpose of these systems is to improve the tactical inforniution management and 
decision support within the Combat Information Centers (CICs) of Coast Guard Cutters 
and Group unci mission spccillc (third echelon level) OPCHNs. These system.? will inte¬ 
grate sensors, displays, communication, and advanced computing technology to provide 
a gcogrnphically oriented tactical display. The information su.runarized in the video 
display will he tailored to the needs of the decision makers commanding an operation. 
While the G I'C project is in the "concept definition" stage, the prototype STC was in¬ 
stalled in L'SCGC Hamilton during March of 19V(' (I^-efs. 28. 29), The iititial STC system 
capabilities arc briclly listed below. 

• .Accept digital heading and speed input from ship's gyro and dopplcr speed log. 

• Accept digital radar target data (air and surface) from a SI*A-25G oi RAVCAS V 
radar indicator. 

• .Accept digital ship's position information from LOICAN, GPS, and other electronic 
sources. 


• Accept Over-the-Horizon (OTIl) and .Aerostat target and data information. This 
type of inlbrnifiiion is received via radio transmission and demodulated into digital 
information. This capability includes use of I'.S. Navy N" DS information. 

• Accept intelligence and operational information from a Coast Guard standard 
workstation. This information includes suspect vessel descriptions, locations, vessel 
sightings, and similar intelligence inl'ornuition. 

• Display and manage na\ igation cjuality digitized charts including a zoom function. 
Patrol. S.AK, transit, and similar operational and intelligence information cun he 
ovei'kiyed the navigational charts. 


• Overlay real-time and intelligence target inrormation as well as own ship's position. 

• Assist with ojicrational planning (SAR, .MLE. Warfare) through .selective plotting 
of tactical inlorniation. 


Ihis system provides a very llexible tactical O system through Its display 
and planning features. Information is put into the system through specially designed 
interfaces that feed a database. When STC is fUlly mature, it will use a LAN to link 
shipboard information .system resources. The LAN will be the dual token ring fiber¬ 
optic network known us the L'.S. Nusw Shipboard Adaptable Tlcxible Embedded Local 
Area Network (S.ArL'NT.T). NN’ith the incorporation of S.AFTNL'I', STC will accept and 
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display many additional information sources iitcluding SONAR and Electronic 
Counter-Measure (Ef.’M) information. |Ref. 3n ) 

b. Coast iiimd Data Comnmiuatioit 

The Coast Guard is looking into several digital data communication con¬ 
cepts. The purpose of these types of systems is to increase the information flow between 
operational resources and the operational commanders. One of the concepts being ex¬ 
plored include Migh Frequency Daiulink (HFDL). This program uses high speed syn¬ 
chronous modems to transfer digital data over high frequency (3-30 MIk) radio circuits, 
livcntually this program may lead to the development of a Coast Guard packet radio 
network. 

The Coast Guard is also estnhli.shing its own data network. This data net¬ 
work is call the Cwrt.tr (Jiumi Ilyht Ui Data Sctwoi k, This network will consist of both 
dedicated and dial-up telephone lines used to route E-Mail protocol messages. It will 
establish an N’.2.^ Wide .Area Network (NV.AN) providing Coast Guard-wide connectivity. 
This system will be the backbone of adminisir-Mtive management ns the Const Guard 
moves toward a paperless environment. It is also possible that operational information 
will How over this system in conjiictions with projects similar to the IIFOL described 
above I Rcl'. 2dl. 

c, Autontawd Dependant Stn veiltancc Systeni 

These sy terns use a radio circuit to automatically transmit position i'llor- 
Illation Irom an operational platform of interest to a Coast Guard OFCHN. An w.xamplc 
of this type of system is Geostar Corporation's Radio Determination Satellite Service 
(RDSSi. Such systems u.sc satellite naviguiion and satellite conuminication technologic,s 
to link position information to u shore based Ol’CEN. The Coast Guard is considering 
the use of this type of system to automate position and status reports for operational 
units such as boiits and aircrtift. 

(I. I TS System Updates and RecstahUshment 

As mentioned in Chapter 11, Congress is requiring the Coast Guard to re¬ 
establish V rS New 'I'ork. The initial phase of this project will be completed in August, 
19‘^0 with a rmtil completion date of 30 September, 1992. The requirements of this 
project include use of integrated target and digital chart display (Ref. 23: p. 65|. This 
ciipability is simil.ir to the capabilities of the Coast Guard's STC project. Other VTS 
projects that arc being investigated include; 



• Kc-opciiing \'TS Now Oiioaiis. 

• Kxpai' liiiu the siiiscilkincc capabilities of VTS Prince William vSoiinil. Due to the 
loiiiutoiie"'- ol till' area, the Cmast Cnuird has Jcienniiiod that expansion ol'thc ex¬ 
isting radar s\,siem is not an acceptable option. Automated Dependent Surveil¬ 
lance is bcing’considercd for this project (Ref. 22). 

• L'p-datc of VTS Houston Galveston's computerized vessel tracking system. This 
project is designed to bring the computer system (hardware and software) up-to- 
date. 1 he end result will provide a more llexiblc, capable, and user friendly system 
[Ref. 31 j, 

• nxpansion and Modernization of V TS Puget Sound. This project will expand the 
V IS area I'arthcr south, into Tacoma. In addition the Coast Guard is looking into 
modernizing the overall VTS system IRcf. 32). 

c. SMpImmI Rtidav Vptktc 

The Coast Guard is planning to start the process of replacing the surface 
search radar system used aboard the service's cutters, 'I'hc current radar system, the 
A N-SI\S-64 series, was introduced in the middle 197U's. .Most of the current VTS sy.s. 
toms also use a vuriaiicn of this radar system in an cfl'ort to ma.xiniize the obvious 
economies of scale. Determination ol'thc replacement system and licet installation will 
be carried out over the next three to five years iRef. 28], The author expects the Coast 
Guard to continue the practice of equipping VT.S systems with the "standard" Coast 
Guard radar system. 

f. Coast Gaai tf A DP Updates 

'I'he Coast Guard is in the process of modernizing its ADP resources. This 
program involves replacing out-of-date computer systems, rewriting major application 
programs, and establishing ti major data network. The application programs arc bemg 
rewr itten in conjunction with the computer system replacement as most of the programs 
arc machine specific. Some other programs arc receiving a major overhaul in order to 
accommodate necessary tliangos. This will allow tire Coast Guard to move toward 
compliance with tire OOSIP and POSIX standards. Listed below ore some of the pro¬ 
grams being rewritten or overhauled. 

• P.VIIS Jl'.MPS - Personnel and pay administration. 

• A.VIVTR • Automated merchant vessel position system for SAR. 

• CASP - Computer assisted SAR planning. 

• S.ARMIS • SAR management information system for general data. 

• .MSlS 11 • .Nlariiime safety information database. 

• A.MMIS - Automated requisition managenreo: system. 
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D. SUMMARY OF REQUIREMENTS FOR A VTS O SYSTEM 

('oiist GiuiiJ VTS sysicnis will hctomc one of several soiirees for a larger (? system 
Used to support the operational needs of the Coast Ciiuird. Based on Coast Guard 
progress in establishing computer enhanced support systems, the author expects this 
integration to occur over the next three to five years. In order to support a larger sys¬ 
tem, the second generation VTS will have to be developed using a comnton base or 
standards for information systems architecture, particularly with regard to data format. 
1'his effort will require on integrated plan that includes the following modules. 

1. Distributed Database Architecture 

As one of several information sources for a larger system, the new VTS systems 
will have to create u database of information. I'his database will contain real-time, dy¬ 
namic, and static data in a standard format. Information from the data base will he se¬ 
lectively drawn by VfS personnel to create u tactical display. The database information 
will also be queried by upper echelon O systems needing tactical information. This will 
be accomplished through the use of open system iiUerfuccs as established in the GUSIP 
requirements. This can be conceptualized through the use of STC within a VTC while 
allowing superior O systems to receive the database information via IIDN. 

2. Cuimnunicatiuns Support 

Development of an distributed C system requires development of a highly ca¬ 
pable communication system linking the nodes of the. O system. In hi.s hook, Morris 
states: 

... The full exploitation of the potential power of O systems can only be achieved 
by merging both the processing equipment and the communication network in a 
single operational conllguruiion, that is, blending them into a single sophisticated 
system (Ref. 21: p. 21). 

.Although separate from the data acquisition, processing, storage, retrieval, and 
display subsystems, the communication subsystem is an integral and equal part of any 
cHective C'* system. This is the basis for the more common terminology. Command, 
Control, and Conununicution (C?). 

3. Inrurnmtlun Security 

Integrating several information sources in a hierarchical O system will require 
the use of both secure and non-sccurc data. This type of data flisioii must be conducted 
through the use of a one-way communications link that segregates secure data from 
non-sccurc data acquisition. Technology will have to be implemented that provides the 
same degree of protection us the current "air gup" requirement. 
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4. Mnnngement Support 

A \’'1S C” ■ivstcin nuist support the management functions of planning, real-time 
operations management, and analysis of historical data. This system should allow use 
of the database information and graphical display tools in an planning (not real-time) 
environment, while the VTS (real-time) operation continues. Due to the regulatory na¬ 
ture of VTS, the track information becomes an important element of an accident inves¬ 
tigation and must be securely maintained as a legal document. In addition, the 
information is valuable in the analysis of the overall port operation and. in particular, 
analysis of the cfrcctivcncss of the VTS system. 
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IV. SELECTED TECH^OLOGY FOR COAST GUARD VTS 

SURVEILLANCE 


A. ASSUMPTIONS FOR TECHNOLOGY SELECTION 

During the author's interviews and research, several themes ran through the opin* 
ions, documentation, and dutn. These themes arc discussed in the following paragraphs 
and create a group of assumptions. These assumptions are necessary in order to assure 
that technologies surveyed for V'TS surveillance are feasible within the fiscal, opera¬ 
tional. and public service constraints of the Coast Guard. 

1. Low System Cost 

The recent fiscal austerity within the Coa.st Guard has kept the VTS program 
from maturing with improved technology. In spite of three highly publicized oil spills 
(Prince William Souitd, AK: lluntit'.eton Beach. C‘A: and New ^■ork Harbor), there has 
not been a public call to e\)\ind or improve the Coast Guard’s VI S system. Improve¬ 
ments to V TS will be fimded on a competitive basis within the Coast Guard. VTS must 
compete against the day-to-day operational, nuiintciumce. and administrative needs of 
the Coast Guard. .As a small agency within the Department of Transportution, the 
Coast Guard does not have the financial resources for original design and development 
ol’ncw systems or technologies. These fiscal constraints will force new VTS systems to 
be composed of existing, commercially available, and relatively inexpensive modules, 
Ihis sort ol aexjuisition strategy can allow the Coast Guard to field u new and flexible 
system at a minimal cost, in a reasonable amount of lime. 

2. Ceonomies ut Scale 

Development ol'a second generation VTS will not enjoy the cost reductions re¬ 
lated to the economics of large scale production, The octual number of ports served by 
a Coast Guard VTS is not c.xpecied to significantly change. Each port served by a Coast 
Guard ^"^S system has dinerent geographical, climate, and traffic density characteristics. 
This requires o specifically tailored mix of VTS technologies to meet the port needs. 
Use of u modular approach to the design of a VTS system will provide the flexibility and 
may pror idc some cost savings and is consistent with the design needs of a computer 
cnhonccd P system. One example of the Coast Guard's elTorts to spread the cost of VTS 
ssstcjn development over several programs is the possible use of the Shipboard Tactical 
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Computer (STC) as tlic VTS batkboiic architecture. Although developed for shipboard 
use. ST(? hardware and software can preside most of the functions needed in a VK!. 

Another tircn of possible savings is use of sensor and communications equip* 
ment (radar. VIIF-I'M, computers) that is standard throughout the Const Guard. This 
will provide a wider equipment acquisition, operation and muinienunce cost ba.se. 

3. Use of Current Capital Assets 

Wherever possible, the Coast Guard will use capital assets (equipment and land) 
that are already owned or controlled. .Acquisition costs and administrative delays in the 
federal procurement system require this. The e.\isting radar systems. AIL and Raytheon, 
will continue to provide surveillance information for many years. VTS New York will 
use radar and radio sites that the Coast Guard currently controls, even though the sen* 
sor coverage will be less than optimum (Ref. 33]. The design of a now VTS system 
should he modular in order to allow use of the best sensor types based on the overall 
needs of the VTS system. The cost of the sensor suite should be balanced against the 
fiscal constraints of the Coast Guard. 

•4. Action ill the Public Sector 

.Many of the constraints placed on the design of a second generation VTS arc 
political in nature and stem IVom the Coast Guard's service in the ptiblic sector. In 
many cusc.s this role has created a requirement for immediate action, rather than nn cn* 
ginccrcd solution to a studied problem. As a player in the public sector, the Coast 
Guard reacts to the demands of the people, normally voiced through Congress. In the 
ease of VTS New T'oik. this mechanism is requiring the Const Guard to "throw to¬ 
gether" a system to meet a Congressional mandate to have the VTS on*linc within a 
year. System engineering, in this ease, is limited to design with what is either on*hand 
or quickly and easily procured. Long range planning is not possible in a reactionary 
environment. 

Coast Guard VI S systems provide u public good where the benefits arc shared 
by both the VTS participants and local area population and environment. The burden 
of paying for this service will continue to come from the public sector, not fVom the us- 
crsi The idea of "user fees", for any federal service, continues to run into political walls 
in Congress, The Coast Guard, through the Ports and Waterways Safety Act (PWSA), 
can require certain clas.scs of vessels to curry particular equipment. The cost of that 
equipment is the responsibility of the vessel owners. In the past the merchant marine 
industry and boating public have been cooperative in complying with Const Guard ef¬ 
forts to enhance mariiinie safety and environmental protection. This is because their 
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out-of-pocket costs linvc been relatively small comparesl to the benclits of carrying: the 
Coast (luard roi]LiircJ einiiinncnt. 

5. System Integiratlim 

The Coast Guard will continue to move toward an integrated environment 
where information from many independent sources and operational resources cun be 
managed through computer enhanced O systems. VTS will be a subsystem for larger O 
systems serving the overall mission needs of the service. VTS O systems will rely on 
computerized interfaces, data c\changc, and flexible graphics capabilities for day-to-day 
operation and planning. The GOSIP requirements will force the Coast Guard to im¬ 
plement standard protocols. This will enhance data exchange, network development, 
and the iiucropcrability of resources through data sharing. 

6. Nature of Information Returned to VTS Participants 

The Coast Guard will continue to provide real-time information to VTS partic¬ 
ipants in tlic form of voice traffic reports. In geticral, the .Masters and Pilots of the ships 
participating, in Coast Guard VTS systems arc happy with the information provided over 
the voice circuit (Ref. .1-1). Advance warning of other trafTic, by voice, allows them to 
prepare for and monitor the actions of the other ships. Merchant ships are required to 
carry and use radar. .Most are also equipped with u wide array of communications and 
navigation equipment that allows them to receive weather reports and charts, navigation 
warnings, and similar information prior to enterhig the VTS. VIIF-P.M provides a clear 
voice channel in nearly all weather situations, allows for use of dillcrcnt Vlll'-P.M 
channels in diflcrent V'lS sectors, and the equipment is reliable and inexpensive. .Mod- 
ukir design of a VTS system will allow for the automation of the trulTlc data exchange 
when public acceptance and manpower workload require it. 


U. ri'NC TIONAL MODEL OF A VTS 

Bused on the information in Chapters ii and 111 of this thesis, u Ainctionul model 
for u VTS (Figure 5 on page 40) was developed. The basic functions of u VTS system 
arc brielly discussed below, 

1. Informatlun Cuiiectioit 

A VTS relies on three basic types of information input. They arc: 

• Target Detection and Idcntificution. 

• Target Trucking. 

• .Miscellaneous Target Information including vessel name, druR. IcMigth, destination, 
and cargo. 





FiBur* 5. Functional Model of a VTS 


Vessels entering a VTS must be detected and IdeiUiUed In order for the VTS to 
be able to track s'esscl movement. The ability to detect an'unwilling or unu.uial vessel 
is essential to the operation of the VTS. The .VIDZ, SAR. and ATON missions require 
a VTS to detect or search for vessels or objects that will not or cannot participate in the 
VTS system. 

A VTS relics on tracking information to determine the position of each vessel 
in the VTS. VTS operators normally do not track small (lypicolly pleasure or fishing 
vessels) contacts, but monitor their activity in a general manner. The operators watch 
for dangerous situations involving actual VTS participants, One c.xample is a hea\y 
concentration of sailing vessels in or near a commercial shipping lone due to a scheduled 
sailing regatta. The VTS would monitor the traffic and provide VTS participants with 
advance warnings of the unusual traffic. This sort of surveillance requires a VTS to have 
a detection capability. 

As mentioned in Chapter II, a VTS collects an assortment of information re* 
garding each vessel participating in the VTS. This information includes droA, cargo, and 
destination. This miscellaneous information provides important data that rounds out 
the overall view of the VTS. VTS participants also report navigation aid discrepancies, 
une.vpectod weather, and similar informauon which is recorded In the VTC. 












2. Inbound Cnmmunicntion Links 

Tills is the pliysit:il means used to transfer infoimaiion into the V I S system. 
Currently the inbound eoniniunieation links include VUI'-l'M voice radio and wideband 
microwave. One of the major needs of the VTS program is to reduce the expense of 
these communication links. In general, link e.vpcnsc is proportional to the bandwidth 
of the channel, ^^■idcb^nd links arc much more expensive than narrow band links. The 
wideband microwave links are currently owned by the Coast Guard whereas narrow 
band links are commonly available for lease, inexpensively, in the commercial market. 

3. VTS Command Supervisory Post (CSP) 

Tlie functions of n VTS CSP, or VTC, arc complex and include the ability to 
assist the VTC decision maker to assimilate information from several sources into a 
concise picture of the current status of the VTS. This is primarily done using the vessel 
trucking and miscellaneous data available in the VTC. Detection and idcntincution in* 
formation provide tlic basis for the VTS tracking process. VTS decisions arc based on 
the wide variety of information available in the VTC. When necessary, orders may be 
passed to \'TS participants using the outbound communication links. 

4. Outbound Cummuiileallon Links 

The outbound conummication links provide the connectivity necessary for the 
effective operation of a VTS. Traflic and navigation safety information is provided to 
V I S participants using the VIIT-P.M voice network within the VTS. Prior to entering 
tlte VTS ships may receive similar information using other communication networks 
such as Coast Guard high ncqucncy teletype broadcasts. Surveillance sensors arc con¬ 
trolled using narrow band communication links, future VTS systems sliould provide 
information to superior C systems. This may be done using high data rate packet 
switching sertiecs with a DSl or greater data rate. 

C. TECHNOLOGY REVIEW 

In the following paragraphs the author will review some of the techtiologies capable 
of providing some or all of the llrnctions necessary to operate a VTS. These technologies 
will be reviewed using figure 5 on page 40 to orgunl/c how each could be used in a VTS 
system, following this, the autltor will review some of the technologies that tlte Coast 
Guard has rejected for use In a VTS system. 

The teclinologies that arc most applicable to VTS fall into three categories. The 
three categories are; 
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• Direct tiiinsinission of svirveilhmcc information using wideband systems, For the 
purposes of this thesis, wideband is defined as greater than l..'^-14 Mbps (I3S1 or 
T-l I Ibr digital signals or Itti) KI Iz Ibr analog signals. In simple terms a wideband 
signal cannot be carried over a voice grade conununication circuit. 

• Remote processing of surveillance information allowing use of narrow band trans¬ 
mission systems. Narrow band is defined os a data rate of 9600 bps or less for 
digital signals or analog signals having a bandwidth of 300U KIlz or less. Signals 
of this type are able to be transmitted over voice grade communication circuits. 

• Systems based on technology other than radar or video surveillance and using a 
hybrid mi.\ of telcconununication technologies. 

The first two categories deal with transmission of radar and video camera signals 
from a remote site to the VTC. The third category deols with technologies that would 
allow the Coast Gtmrd to move nwny from rndur unci video cnincru surveillance sources 
altogether. In general, these non-radnr and non*vldso camera systems rely on n group 
of technologies that require the cooperation of the target to provide surveillance infor¬ 
mation to the VTC. These technologies are termed “dcpctidcnt" because the system re¬ 
lies on data transmissions that originate front target vessels. 

1. Direct Transmlssiun uf Wideband Surveillance Infurinatlon 

The technologies included in this category arc capable of transmitting wideband 
radar and video camera signals. These technologies make up the major portions of the 
current inbound communication Ii4ik illustrated in Figure 3 on page 40. The data links 
must be capable of supporting an analog signal with u bandwidth of 10 Vlllz. This is 
the bandwidth of the radar (video and synchronization signals) and LI.LTV video signals 
used by the Coast Guard. In general, the signals required for control of the remote radar 
and video camera cqui| inent can cither be incorporated within the 10 .Mllz link or cur¬ 
ried by separate voice grade links having a bandwidth of? Kllz or less. 
u. Microwave Systetm 

Microwave conununication systems provide u linc-of-slght wideband com¬ 
munication link. This link is based on the use of highly directive antennas with a 
transmission frequency in the range of 1.71 GHz to 40 GHz. Microwave transmissions 
sufifer a substantial signal strength loss due to atmospheric effects. This free space loss 
limits the overall range for a single hop microwave system to approximately 50 Km. 
W'eathcr conditions, particularly rain, snow, or sand can further degrade a microwave 
link. In general, microwave systems using the lower authorized fi-cquencies provide 
longer ranges and are less susceptible to weather related signal loss. Disciplined system 
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engineering can provide a microwave system with a reliability of greater than o 
I Ref, IS: pp. M5 to 3-17], 

n.i Analog yiict owavc Systems. Analog microwave systems arc common 
in the conununications industry. They provided the backbone of the telephone industry 
through the 1970',s, The technology is mature, system engineering refined, and o wide 
variety of products exist in the commercial market. Both AM and I’.M modulation 
techniques are corntnonly used. AM microwave systems enjoy better spectral efilciency 
and have become more popular recently (Ref. 35: pp. 4.17.4.18). A low to medium ca¬ 
pacity analog microwave system is capable of providing up to 20 .MHz of bandwidth. 
This is sufficient for the needs of a VTS. 

Digital .^ficrowave Systems, Digital microwave systems arc replacing 
analog system^ as the conununication industry moves toward use of purely digital sig. 
nailing. The telephone industry's backbone networks use only digital signalling. A low 
to medium capacity digital microwave system has a capacity of up to 25 Mbps. The use 
of a .’igital microwave system for the existing Coast Guard VTS equipment would re¬ 
quire conversion of an analog video signal (radar or video camera) to a digital repre¬ 
sentation of that signal (.A-D Conversion!. Use of modern conversion techniques, like 
.Adaptive DiUcrchiiul Pulse Code Modulation (.ADPCM), would create a digital signal 
at a rate of more than lOU Mbps. .Advanced digital modulation tcclmiqucs, like ICQ.AM, 
allow transnussion of more than one information bit per Hertz. Ihesc digital modu¬ 
lation techniques could be used to transmit digitized radar and video camera video 
signals over n low to medium capacity (25.\lbps) microwave circuit. If the Coast Guard 
continues to use the existing V IS radar and camera display equipment, it would also be 
necessary to rcconvcit the signals from digital to analog foi.nat (D-A Conversion) for 
use by the VTC display equipment. 

b. Satellite Microwave Systems 

Satellite communication systems operate in the same manner as terrestrial 
microwave systems. This is due to the fact that satellite systems operate on comparable 
irequcncics and use similar equipment us terrestrial microwave systems. There are two 
major dinercnce.s between terrestrial and satellite microwave systems. One diflerencc is 
that having a repeater in space provides an extremely wide coverage urea for a sutcllitc 
system. The other dificrcncc is that the satellite signal must travel 75,000 Km between 
the terrestrial source and terrestrial receiver. This causes a delay of about 500 msec be¬ 
tween reception of u signal and acknowledgement of the received signal. This delay must 
be accounted for in comi'Uterizcd data transfer systems. A typical commercial satellite 
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clianncl (C-band) has a bandwidth oI'36 MU?. These circuits are capable 'f providing 
data capacities up to 5U Mbps, ^ satellite system channel is capable of carrying sur¬ 
veillance signals from either radar or video camera sources. Analog service is possible 
over these systems but digital signalling is, by far, the predominate technology. L'se of 
a satellite system would require A-D and D-A conversion if the existing VTS surveillance 
and display equipment is used. [Refs. 20: pp. 49-84., 36: pp. 305-323) 
c. Cuuied Media 

Guided media includes all cable transmission systems. The signals arc 
guided within the cable, and not radiated through the atmosphere. The use of guided 
media removes the probabilistic cHects of atmospheric propagation loss, leaving a highly 
predictable loss function that is based on the physical media being used. The two types 
of guided media capable of wideband transmission are fiber optic systems aitd coaxial 
cable systems. These media arc characterised by their point-to-point nature (verses 
broadcast technologies), the need for periodically spaced amplifiers (analog systems) or 
repeaters (digital systems), the need for cable right of way, and terminal equipment costs 
being 25'’ 'n or less of the overall cost of a system. 

^ h Optical Fiber Systems. Optical fiber transmissioti systems arc com¬ 
posed of the following components. 

• Scmicondiu'tor Light Sources, Light Emitting Diodes (LED) and Injection Laser 
Diodes (ILD) are used us fiber optic system light sources. LEDs are highly reliable 
and inexpcMisive but have a low output power. ILDs are slightly less reliable, 
temperature sensitive, more expensive, and have a much higher liglit output power. 
A S5(> ntm LLP source (which is standard) is limited to a ma.siinum data rate of 
lUO Mbps and 2-3 Km in distance (without a repeater). Higher data rates and 
loncer. rcpcaterless, distances arc possible with ILD light sources jRef. 36: pp. 
53-56], 

• OpiicMl Fiber Cable. Optical fiber cable is made of a thin filament of glass sur¬ 
rounded by a gl.ijs cladding layer. This is in turn surrounded by a protective 
polymer coveritig. Several small cables may bundled together along with stilTcning 
and strengthening material to form an optical fiber cable. The core filament varies 
in thickness from S-5o ^m depending of the type of optical fiber cable used. Optical 
fibei cables are app' o.ximntcly ten times lighter in weight than a coaxial or twisted 
copper pair cable capable qf carrying the same data rate. 

• Semiconductor Photo Detectors. Two detectors arc available, the PIN photodiode 
and the avalanche photodiode (APD). These devices convert light energy to elec¬ 
trical energy. PIN detectors are less c.xpens've and less sensitive than the APD 
detector. 


The use of optical fiber transmission systems has grown enormously 
over the past ten years. Optical fiber is used extensively for the long haul trunking sys- 
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tciiis of tlic major telecommunication companies, Optical fiber use is also spreadine into 
metropolitan areas for use in the local loop feeders which connect the subscriber loops 
to the telephone compa’ s central ofiicc. Optical liber is also being used for undersea 
cables, Local Aren Networks (LAN), tmd is planned for use in Metropolitan Aren Net* 
works (MAN) IRef, 20: pp. 2(3-45]. Optical fiber systems enjoy the following cf araetcr- 
isties; 

• Extremely wide bandwidth. 2 Gbps typically. Tests have shown that serial bit rates 
of 8 Gbps arc possible [Ref. 20: p. 44J. 

• Immunity to electrical interfcrcnce. 

• Analog and digital signalling capability. Analog signalling is normally limited to 
short haul links not requiring amplification. 

• Repeater spacing of km at a data rate of 500 .Mbps (digital signalling) or 2*.') 
km for analog signalling at 4 ,Mllz. Bell Labs has demonstrated a 6S Km 
repcateiiess digital link at S Gbps [Ref. 36: pp. 54). 

• Splicing of fibers is difficult [Refs. 20: pp. 23-24. 35: pp. 17.30-17,31). 

Optical fiber systems have the bandwidth necessary to directly trans¬ 
mit the video signals from VTS radar and video camera >itcs to the VTC. lit fact, there 
is sulficicnf bandwidth for multiple video signals to be carried. Realistically, the sur¬ 
veillance signals would be digitized and possibly multiplexed for transmission over this 
t\pe of guided media. 

' 2/ CooxittI Cable Sysieinx, Coaxial cable transmission systems include 
the ubiquitous cal\e TV (C.\TV) networks that arc common throughout the United 
States. Coaxial system are characterized by the physical dimension, and therefore the 
impedance, of the coaxial cable. Coaxial cables range in thickness from about .3 to 1 
incli. These .systems typically have a bandwidth of 350 .MIIz or more with a data rate 
of 500 Mbps. Coa.xial cable is used for both analog and digital signalling. Repeaters 
or amplifiers are necessary at intervals of 10 km or less, with the distance decreasing us 
the data rate or frequency of the transmission increases. Coaxial cable is simpler to 
work with than optical fiber as cable conncction.s ore easily made without loss of signif¬ 
icant signal strength. Recent trends in the tclcconmuinication industry have been away 
from the use of coaxial cable due to the decreased cost and increased signal efficiency 
of optical liber systems. [Ref. 36: pp. 50-5.3) 

rf. Commaeial '.yUkhaiut Tckcommunkatlon Services 

>!) T‘3 Service. Coiiuncrciul teloconununieution companies are able to 

provide digital scr\icc up to the D.S3 (44.736 .Mbps) rate. This service is provided as a 
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IcascJ line service and is available in major metropolitan areas. T-3 service is generally 
implcmcnicd over upiical fiber networks, however microwave circuits arc also used. As 
T-3 service requires a digital format, A-D and D-A conversion would be necessary if the 
c,\isting VTS equipment was to be used. 

<2j Integrated Service Digital Network nSDNj. ISDN service is being 
provided in isolated major metropolitan areas. The bandwidth available over current 
I.SDN circuits is limited to 1.344 Mbps using the Primary Rate Interface (PRI). As 
ISDN evolves into a robust network architecture, the maximum available bnndwidths 
will increase. The H-Channel family will provide expanded bandwidth with the maxi* 
mum being 1.920 Mbps on an M12 channel. Broadband ISDN (B-ISDN) is also under 
development and will fUrthcr increase the available bundwidths. It is expected that both 
the INChannel and B-ISDN will be based around Ilbcr optic technology, Neither service 
has been v.')mmcrcially deployed. 

2. Beinute Processing of Surveillance Information 

In this section the author will review an emerging technology that allows 
transfer of surveillance data over low bandwidth communication links. This capability 
is possible due to high speed digital proces.ving of radar information, at the remote radar 
site. This technology is modular In that it can process nearly any radar signal, use any 
two-way low bandwidth communication link, and can be combined with other digital 
data (digital charts and geographic overloys) to create on integrate display in a control 
center. 

a, Radar Sean Conversion 

The heart of a remotely processed radar information system is a radar scan 
convertor. These units accomplish the following processes: 

• .Accept and condition raw radar video, azimuth, and trigger signals. 

• Digitize the incoming radar information. 

• Convert the radar data from polar (rho-theta) to rectangular (X-Y) form. 

• Detection of moving targets, target extraction, and target tracking. 

The output of a tj pical radar scan converter provides target tracking information in a 
format that can easily be transmitted over voice grade communication links. This target 
tracking information creates a "Target Table" which simply lists the identity tag, posi¬ 
tion, course, and speed of targets detected by the radar and processing system. Target 
extraction is based on the contact being present for three to five consecutive antenna 
sweeps. Contacts that do not meet this, or other user-adjustable criteria, do not receive 
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Ilirthc; processing. This scini-to-scon comparison is the same basic technology cm- 
pkncvl in the AN SPS-121 VTS radar system to reduce the instance orialse targets, sea 
and rain ckiiter, and similar interlerence. 

b, ITA' Systems with Radar Scan Conversion 

Radar scan conversion alone could allow the Coast Guard to move toward 
use of ine.xpensive data links (9600 bps voice grade telephone, VHF-FM radio, etc.). 
LITcctivc use of scan conversion would require the Coast Guard to move toward flilly 
synthesized video, raster scan display technology. One example of this technology is 
Radar Digital System's VT.VlS-87 90 VTS system. This technology uses remote radar 
scan conversion, local (VTC) graphics processing, and high speed data processing to 
provide the following capabilities: 

• Improved radar clutter control. 

• Color displays using high resolution daylight viewing computer monitors. 

• Display of user .selected digital chart information including coastline, aids to navi- 
gation, port facility, and similar information. 

• Overlaid vessel information based on the radar derived target table database en¬ 
tries. The vcs.scl tracking capabilities include all the functions of the ARPA sys- 
tenvs which arc part of the AN SPS-121 VTS radar system. 

• Target alarms based on proximity to other targets, channel boundaries, naviga¬ 
tional dangers, or operator selected criteria. 

• Control of remote radar sensors is accomplished using low data rate conmnini- 
cation links. Control parameters include radar gain, interference rejection settings, 
range selection, etc.. [Ref. 37| 

This type of integrated system closely matches the Amctional requirements 
of a VTS (see l igiirc 5 on page 40) and has the possibility of reducing the operating 
costs of a V TS. This is possible due to the decreased costs for the inbound communi¬ 
cation links and a possible reduction in VTC manpower levels due to greater .system 
automation. The planning needs of a (? system arc not directly addressed in vendor 
literature, Given the rapidly improving computer capabilities, planning tools (search 
planning, facility positioning, etc.) could be added through soAware additions to a 
standard VTS package. 

c. Video Signal Compression 

Compression of video pictures can reduce the bandwidth necessary for 
transmission of the information. While this technology is being developed primarily for 
use with video conferencing. VTS surveillance systems could bcnellt from the reduced 
bandwidth. The compression techniques require the video to be shiAed to a digital for- 
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mat. The most common A-D conversion technique is PCM. This digital information 
is stored as a fr'.ime whicli is similar to a photograph; it is static. This original, or base, 
frame is also transmitted to the remote site. V'hcn the next frame is digitized, it is 
compared to the original. The only information returned from this process are the dif* 
fcrcnces between the two frames. This change information is then transmitted and 
processed at the remote site. There arc many complex techniques that arc capable of 
compressing a video signal. Every system will degrade as motion, or changes, between 
the frames increases. The most optimistic systems claim to be able to reduce a video 
signal from about 90 Mbps (using PC.M A-D conversion) to 19,2 Kbps. This degree of 
compression will degrade severely with motion. A more practical compressed data rate 
is in the range of 3.1 .Mbps to .384 Kbps. A system working in this range should be ca¬ 
pable of reproducing the motion typical in a VTS'video signal. [Refs. 18: pp. 4-10 to 
4-13, 38] 

3. Alternatives to Radar and Video Camera Surveillance 
a. Dependent SnneWnnee 

Dependent surveillance is a technology that is applicable for some VTS 
mission needs. TItc term "dependent surveillance" means that the target of interest is 
an octive participant in the surveillance system. The remote target is active In that it 
transmits a short digital message containing on idcmiflcation tug and position data. This 
data is used by a surveillance and trucking system at a central location. In general a 
dependent surveillance system is made up of the following components: 

• Electronic position determination system. Typically the systems currently availoblc 
use LOR.W C to determine the geographic position. Other possible systems in¬ 
clude Omega, Deccu, Global Positioning System (GPS), and inertial navigation 
systems, 

• Communication link equipment. As the targets of a dependent svstem are mobil 
in nature, a radio communication link is necessary. The bandwidth requirements 
are determined by the overall system needs. Voice grade radio lijiks arc generally 
capable of currying the position information. The radio system propagation char¬ 
acteristics determine the geographic boundaries of a dependent surveillance system. 

• Target display system. Information fVom targets is typically used to build a data¬ 
base of target positions. This information can be displayed by laying it over a 
digital map. Computer systems capable of medium to high resolution graphics can 
be used to run the database engine and as well as act as the display medium for a 
dependent surveillance system. This component provides most of the functions of 
a O system. 

Radar Beacons. An example of a dependent surveillance system 
based on radar beacons is the KAA's 4096 Transponder system. Nearly alt aircruR arc 
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eiiuippcd with microwave transponders that reply to an interrogation signal. This in¬ 
terrogation signal is transmitted by etiuipment that is coupled to I'AA airscarch radar. 
The airborne transponders trunsndt a four digit code that FAA controllers instruct a 
pilot to enter. The tramspondcr transmits this idcntifXing code and the aircraft altitude 
when the airsearch radar "paints" the aircraft. The FAA has also established particular 
codes that indicate communication equipment failure, aircraft highjacking, or general 
entergeney. When FA.A ground systems receive one of these special codes, an alarm is 
sounded and the aircraft is highlighted on the radar display system. 

An important element of this FAA system is the use of a robust O 
system that displays operator selected information, including the radar beacon data. 
I'his system automatically tracks selected beacons and displays relevant data including 
position, altitude, and converging targets. Using visual symbols and audio alarms this 
system greatly reduces operator workload, helps manage tlic airspace system, and en¬ 
hances the safety of the sy.stcm participants. A system similar to this could be implc- 
mcnicd in n VTS area. Commercial vessels that arc required to participate in the VTS 
arc also required to use radar and carry other electronic equipment. Transponders could 
he added to the list of required equipment. The interrogation equipment would be added 
to the existing Const Guard radar systems. The VTC display system would have to be 
modified to accept and oniciently display this added information. |Rcf. 26 ; AI.M p.Mra. 
31. 170. 451, 461,46J. 471] 

'-’y Dhecihii riniiiiif 'OF) Systems, One of the simplest, and best un¬ 
derstood, dependent surveillance systems is a direction finding system. These systems 
use two or more land based stations equipped with highly directions antennas to derive 
bearings from the DF station to the active transmitter on the target. These bearings arc 
used to ' triangulate'' a geographic position for the target. Use of linc-of-sight radio 
propagation icthnology (\’l II'. UilF, Radar) increases the accuracy of the bearings and 
allows for sectored operations within a VTS area. Use of a coded transmission, like the 
FAA 4096 transponder system, would allow determination of target identification os well 
as target location. Use of a system of this sort would also require addition of a C’ dis¬ 
play system in the VTC. |Rcf. 18: pp. 5-19 to 5-21, 7-23 to 7.30) 

fj.i Gcosiar CovpoKiiion RDSS. One of the most robust of the com¬ 
mercially available dependent surveillance systems is Geostar Corporation's Radio Dc- 
teintimition Satellite Service (RDSS). As the product's title implies, RDSS uses 
jnicrowavc satellite communication links. These links are based on short burr, spread 
.•ipectrum communicat’on techniques. Use of satellite links allows this system to cover 
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a very wide gcograpliic area. Their most advanced system. System 2C, uses two satellite 
links and covers all of North America and the Caribbean Sea. One link is used to send 
vliort query and alphanumeric messages, to the target system. The other link carries the j 

target’s position information back to Goostur's control center near Washington, D.C. ^ | 

From the control center Gcostar uses conmiercial electronic mail systems to forward the .| 

position inlbrmntion to their customers. This system includes one*woy niessogc handl* | 

ihg (to the remote target only). The RDSS process takes about three minutes to com* j 

plcie and includes the following steps: 

1. Gcostar Control queries the target. The query it either a periodic report, with the 
period determined by the customer, or a special request (Vom the customer. A short 
alphanumeric mes.sagc may be included In the query. 

2. The target receives the request, displays the alphunumciic message (if included), 
processes tlic navigation Information, and transmits the reply. 

3. Cicosiar control receives the reply, acknowledges it back to tlic target, processes the 

information, and forwards the position to the customer's display s\ stem. , 

System 2C uses LORAN C to electronically determine the target’s 
position. LORAN C Ints been shown to Itave an accuracy of between onc*l)ull*nnJ Hve 
miles, depending on the locution of the target relative to the LORAN transmitting 
stations. System 2C is currently used by .several major trucking Firms and the federal 
government (for tracking nucioar materials shipments). Use of LOR;VN C as the posi¬ 
tion determining subsystem precludes System 2C from use in a VTS due to the poor re¬ 
solution of the reported positions. The Coast Guard has deterntined that the data 
latency is too long for use in u VTS system. 

During the spring of 1^92 Gcostar intends to field their new system, 

Gcostar System 3. Miis system will u.sc the Global Positioning System (GPS) for posi¬ 
tion determination. Tins w'll provide position accuracy of the precision ncccssurs’ for 
remote surveillance In a VTS. Gcostur’s System 3 should have an ncev'.racy of between 
Five and ten meters and a data latency in the order of a few seconds. GPS accuracy can 
be changed by the C.S. government by activating the Selective Availability (S .\) mode 
within the constellation satellites. This would downgrade the accuracy to approximately 
100 meters for non-military GPS users. This precision should still be acceptable For VTS 
operation. 

DilTercntial GPS (DGPS) is a technique that can be used to increase 
t!tc accuracy of position information to between 75cm and 5 meters. In a DGPS sy.stem 
u muster DGPS unit is positioned at a Fxed and precise locution, Knowing its own uc- 
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luill position, tlic master unit calculates the din'crcncc between the actual position and 
the position developed using the (iPS. Tl'.is dillerence may be broadcast over a narrow 
band radio link. Mobile DOTS units receive and use the diflerentiul imbrmation in their 
position calculations. DilTcrcntial GPS systems arc capable of providing this highly ac¬ 
curate po.sition information even when the GPS satellite S A mode is activated. [Ref. 
39| 

4. Passive Sonar Sensors 

A passive sonar sensor networks can collect VIS surveillance information. 
Such a system would consist of sonobuoys being moored across a harbor entrance. 
These sensors would be linked to a central processing station In the VTC. The link could 
be narrow band. Such o sy.stcm would provide detection and tracking capabilities. 
Identification of the targets would be nearly impossible. Ull'cctivc detection and trucking 
rc«:|uircs a highly trained and cspcricnccd operator ns tlic automatic processing equip¬ 
ment is less capable than a good operator. Due to the technology and methods involved, 
such n system would most likely be clnssilicd. Operation of the system would be ex¬ 
pensive due t'. the requiremi-ni to periodically service the sonobuoys and to maintain a 
pool of trained and experienced operators. The cost of sonar equipment is directly re¬ 
lated to the equipment capabilities us measured in detection range and tracking uccii- 
racy, [Refs. IS; pp. 1 l-l to 11-6, -Id: pp. 5-lSJ 
4. Rejected Technologies 

The Coast Guard has conducted wide ranging research on the best means of 
providing tlic A.mciions necessary for an cfrcctivc VTS. This research has concentrated 
on target detection, identillcation, and tracking. Some research has also been done on 
tlic communication links nccc.ssary for VTS operation. Tabic 8 on page 52 outlines the 
results of research projects that have shown a technology to be inappropriate for use in 
n V TS. Table S on page 52 also indicates, briefly, the reason for such a decision. 

Some of the technologies reviewed arc not feasible for use in a Coast Guard 
VTS system. This is primarily due to the expense of designing, developing, and fielding 
a technology that is used only by the Coast Guard. The chance of an independently 
developed Coast Guard sy.stcm being truly efficient and cfiTeciive is small. It would luck 
ellicicncy due tu economies of scale in production, user acceptance would be low, and 
maintenance costs would be high due to the need for specialized puns, tools, and tech¬ 
nician training. Listed below are the systems that lit this category of possible, but not 
Icusiblo, VTS technologies, 
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• Maritime radar transponders. Would require development of custom interro^Mtion 
systems and ship mounted transponders, user training, and development of an ac* 
tcptable display system. 

• Direction Finding Systems. Would require development and use of an extensive 
receiver network in each port. User equipment would have to be developed to 
transmit a "packet" with a unique ID code for each shin. Equipment costs would 
be high. Design of a Coast Guard display system would be necessary. 

• Coast Guard Dependent Surveillance System. Design of a Coast Guard owned and 
operated dependent stirveillunce system would be very expensive due to the design 
and development costs. There is a wide ranoe of technologies that could be used 
to link the position reports to the VTC. With the excei^tion of satellite based sys* 
terns, the propagation characteristics of the transmission systems would require 
construction of individual receiving stations, information processors, and displays 
systents. 
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V. EVALUATION OF SYSTEMS 


A. EVALUATION CRITERIA 

1. Crttorio Iiitruductiun 

Tlic critcrin developed to evaluate VTS surveillance system tcchnoloiiy stem 
from the issues discussed in the earlier chapters bP the thesis. These criteria focus on 
how VIS may best iXilllll its missions and fit into the larger operation of the Coast 
Guard. Fiscal realities require the Coast Guord to optimize the cost of a system within 
the context of the wide range of Coast Guard responsibilities. If a second generation 
VTS can work in an integrated manner with other operational resources, the Coast 
Guard, and VTS, will become more cllldent and effective through the symbiotic re* 
lationships between missions and resources. 

2. Criteria Categories 

The evaluation critcrin form seven basic evaluation categories. Each category 

i 

contains several major areas of emphasis. The following paragraphs highlight the cate* 
gorics and areas of emphasis, l ire evaluation criteria categories are: 

• .Ability to safely and cillciently control vessel traffic. 

• Ability to adapt to changing mission needs. 

• Ability to enhance Coast Guard O capabilities. 

• Ability to reduce VTS operating cost.s. 

• .Ability to adapt to technology changes. 

• A reasonable implementation time frame. 

• A reasonable expectation of system acceptance. 

a. Ability to St{/cly and I^clcntty Control Vttstl Trttfjlc 

The primary flinction of a VTS surveillance system is to provide the VTC 
with traffic data that can be used to monitor and control vessel traffic. The degree of 
control varies with the dynamic situation present within the VTS area. Typiciilly the 
Coast Guard monitors trafilc (low rather than actually controlling it. The capability to 
control traffic flow is. however, an important element of the VTS structure. This capa¬ 
bility will become more important as traffic density increases. During periods of military 
port operations, such as a mobilization or natural disaster, a VTS may be tasked with 
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the direct control oftrafTic How. Any new VTS system must be capable of providing at 
least the same level of control us the current systems provide. 

The ability of a system to safely and cOicicntly control vessel trulTic has 
three major elements. These elements arc discussed below, 

f I) Data Lattfney, Data latency refers to the period of time that it takes 
for a system to sense, process, and display surveillance data. Data latency is a critical 
factor in the Coast Guard's ability to safely and efllcicntly control trafllc in a VTS area. 
A vessel under VTC "control" receives general directions and Information. The Const 
Guard needs the ability to check vessel movements for compliance with VTC orders, 
trafTic regulations, and navigation requirements. 

In a general sense, the Coast Guard needs to make sure vessels stay 
on their side of a shipping lane or chonnel. Assuming this is the case, an acceptable data 
latency cun be calculated based on vessel speed and the transverse distance the vessel 
would have to move to physically leave the channel. Data latency would therefore be 
0 Ihnction of the channel width and would decrea.se to a shorter period of time as a 
vessel moved into increasingly constricted navigation arcus. A surveillance system must 
be able to provide surveillance information with an occeptable data latency bused on 
either the most constricted V I S area or bused on vessel location. Using vessel location 
as the tool I’or judging data latency would allow the "acccptoble" latency to change bused 
on vessel location witltin the VTS. 

Data WccM/'acy. Accurate data is essential to cnicicni and effective 
control of vessel tralllc. The ability of the proposed data links to accurately support 
data flow is well established by the comnninlcotion industry and will not be Atrthcr 
evaluated. Sensor accuracy must be considered. The ncccssaty degree of accuracy may 
be viewed as u flmction of channel width in a sintilar way as data latency. Based on this 
assumption, a surveillance system should be capable of providing position data with 
enough accuracy to allow the Coast Guard to "sec" that the vessel is safely in the chan* 
ncl. The most constricted channel may establish the highest degree of accuracy neces* 
sary, A graduated accuracy scheme based on vessel location and channel width should 
also be acceptable. 

'‘Sj Data Intcvfnetaiion and Use, A VIS system is a form of O system. 
The data must be displayed in a fashion that allows the watchstanders ond supervisors 
to interpret the current situation in the VTS area. Display technology Is important to 
the eIVcctive use of information. The techniques used to display surveillance data should 
follow well established guidelines for data display. In general these guidelines include the 
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amount of data displayed; use of symbols, flashing symbols, and color; as well as use of 
"user friendly" techniques for data and sensor manipulation. 
b. Ability to At/ti/ft to Mission AW</s 

The mission of a VTC is constant with respect to monitoring trafllc safety. 
However, this is the minimum mission level. A VTC may also be tasked with additional 
and concurrent mission areas including SAR, MDZ, .MLE, and ATON. EiTectivc exe¬ 
cution of these additional missions aflect the overall requirements for a l\illy capable 
VTS system. The following paragraphs highlight some of areas that must be considered 
to evaluate a fUlly capable VTS surveillance system. 

VTS Surveillance Capability, Addition of missions or a change in 
ntission priority may require different surveillance capabilities. Under the PSS ntission, 
the VTS may only need to track willing (dependent) targets. During periods when the 
MDZ mission receives a high priority, the VTS may be required to detect and track un¬ 
willing contacts, sub-surface contacts, or very small contacts (like periscopes). ;\ VTS 
system should therefore be capable of supporting a sensor suite copable of pcribrndng 
the surveillance necessary for the missions at huitd. This added capability should be 
nvuilnble without a major system change. The ability to Integrate diflcrcnt sensor types 
is important to the overall fle.sibility of the VTS system. 

''.’y Display Tla.vihiliiy, As the VTS mission changes it will bo necessary 
for the operators to tailor their displays to emphasize the information they need to per¬ 
form the ntission or missions as.signcd. A conunon scenario involves VTS participants 
stounring through active S.M< search areas. If the VTC watchstunder display included 
0 representation of the search areas, the participant could be advised to assist in the 
search while moving through the area. In some cases it could be uscflil to dedicate a 
surveillance display to a particular mission by llltcring out routine VTS information. 
These examples illustrate the degree of flexibility need for an eflcctive O system. 

''iy Support of i'.S. .Vary and Other C* Systems, The MDZ mission re¬ 
quires Coast Guard VTS to conduct surveillance in an ottempt to protect vital naval and 
notional resources. This requires a detection capability and, possibly, the ability to 
interface with U'.S. Navy C systems. The most effleient method for this interface is 
through a computer network interface where selected VTS data is transferred via a 
gateway. This sort of system could also be used to interface vessel traffic data with 
"foreign" users such ns the Canadian VTS system adjacent to Puget Sound and the 
maritime industry in general. 
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f4j I TS System Expansion. Lxpansion of mission rcquircmcms of\cn 
creates a dcmaiul for expansion of VTS surveillance areas. Expansion of the surscillancc 
area normally requires the addition of sensors, inbound communication links, and 
changes to tlic display hardware. Die current V’l'S systems arc not easily expanded. 
One of the needs for a second generation VTS is to be flexible enough to allow for sys¬ 
tem expansion without the absolute requirement for additional display equipment and 
nmnpower. This capability will also allow for the design of a standard VTS system that 
may be tailored to the specific needs of the many ports served by Coast Guard VTS. 
c, Abiiity to Enham c Coast Guard O Capabilities 

During a study of the Coast Guard's management of major automated sys¬ 
tems the I'.S. General Accounting Olllce (GAO) stated: 

...the Const Guard's ability to accomplish its missions depends on its ability to im¬ 
plement information systems that serve the needs of the organization overall [Ref. 
d2]. 

.As the Coast Guard brings Its information resource system up to a modern capability, 
VIS should be capable of taking advantage of the increased communication capabilities. 
.A \’TS system .should be capable of importing and exporting information for the use of 
the decision makers needing information. This will require the VTS C* system to be ca¬ 
pable of u.sing both LAN and WAN technologies to send or receive trnlllc surveillance 
and other operational data. 

Support of Queries from Remote O Systems, With an increase of in¬ 
formation sharing, it will be necessary for the end users to determine exactly what \’TS 
information they need. 1. sc of a standard query language, such as SQL, con maximize 
the connectivity and flexibility between the system and a local or remote end user. 

Support of O Decision Making, A VTC O system must support the 
decision making processes within u VTC regardless of the mission priorities. During 
emergent SAR there will still be a need for routine traffic monitoring. The VTS system 
should provide the O planning and presentation tools necessary to allow for fle.xiblc use 
of the system. The display should be capable of presenting information relevant to all 
operational missions. It must also be capable of filtering this information to aliow for 
a display tailored to the needs of the user. 

</. Ability to Reduce VTS Opetatlng Costs 

One of the factors driving the author to review Coast Guard VTS systems 
is the cost of keeping aging VTS systems operational. Given the fiscal pressure to reduce 













costs, new systems must bo less expensive to operr.tc while increasing the efTicicncy and 
clVcctivcncss of the V I S. Opciation costs arc split into four categories. Some of the 
technologies evaluated will fit into one cost cutegory while others may bridge all four 
categories. The four operation cost categories arc: 

• Sensor operation. 

• Inbound data link operation. 

• Display system operation. 

• i'crsonncl. 

The largest cost of opc.iting a VTS is the cost of the personnel. The eval* 
untion will include the ability of a tv.hnology to reduce the man-power needed to safely 
and elTicicntly run a VTS. Listed below are some of the technical capabilities that cun 
allow a VTS to meet thi.s goal. 

• Automated target ucs|uisition. 

• Automated target tracking. 

• Automated target alarms based on irallk conflicts, navigation wornings, loss of a 
target by the sensors, and ATON tracking. 

a. Ability to Adapt to Tvthnohify Ctuuigcs 

Given the rapid advancement of computers, and electronic equipment in 
general, it is important that the Const Guard be able to take advantage of emerging 
technology, .Modular design, based on VTS functions, will allow fUture VTS systems to 
mature with technology changes. This will allow the Coast Guard to take advantage of 
more advanced processing and surveillance capabilities without the need to scrap mod¬ 
ules that remain cnicicnt and en'oetivo. 

J'. Implementation Time Frame 

The Coa.st Guard VTS systems are twenty years old and need to be re¬ 
placed. Ir the best ease, the time between selection of a system and its operational 
fielding would be three years. The evaluation of the technologies will consider the time 
necessary to get a system on-line. This is particularly important when evaluating an 
emerging technology. 

g. System Aaeptraice 

In order for a VTS system to be cficctive, It is necessary that the users (the 
maritime comi,.unity) accept and trust the system. One of the major factors afTecting 
user acceptance can he quantified by the size, cost, and ease of operation of equipment 
required for VTS participation. It is equally important that the Coast Guard accept the 
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system (.!oast Guard aceeptanee may be t|uamil'icd by the cost, complexity, llexibility, 
and overall uscliiliicss of a system. 

B. SYSTEM evaluation 

1. The Nature of VTS Systems 

No single technology can fully address the system needs of Coast Guard VTS. 
An optimally configured VTS system must balance the usefulness of the selected sensors, 
the operating costs and data latency of the inbound communications link, and the ad> 
vantages of the selected display system against the overall purchase price and system 
operation costs over a ten to twctity year life span. In the following paragraphs the 
author will evaluate the ellcctivcness and costs of technologies within each flinctional 
group. This will be followed by an evaluation of a proposed system based on tcchnolo* 
gic.s selected from each functional area. 

2. Evaluation ot VTS Sensurs 

Table 9 on page 5^ sununarizes the evaluation of the most feasible VTS sensors, 
The author's comments regarding each sensor type arc outlined below. None of the 
sensors surveyed c . address the full range of needs for a VTS. Tor the sensors to be 
uscflil they must be linked to a VTC and the data must be processed and displayed in 
an cITicicnt and efllttivc manner. 
a, Radav 

The Coast Guard is using radar equipment that is optimized for use as a 
shipboard, surface search radar. The reason for this is based on the tlreory of economics 
of scale in maintair'.ig one radar type throughout the Coast Guard. It is important to 
note thar the accuracy of data from a radar is function of target range, the characteristics 
of the radiir tran.smission and radar antenna equipment (including pulse repetition Ire- 
queiicy, emission polarization, and beam wiUilU, and the weather in the area. In normal 
practice radar range is set for a twelve nautical mile observation radius. Based on the 
characteristics of the A N'-rT’S-121 radar system, this creates a ma.xiinum range error 
of 2Jd yards and a maximum azimuth error of 1250 yards. These error ranges decrease 
linearly as a function of the target range. The common Coast Guard opinion is that the 
accuracy possible with the current VTS radar is sulTicient for routine VTS purposes, 
Thus, radar sets a standard for sensor accuracy and probability of target detection. 
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Table 9. Evaluation of VTS Sensors 


b. I'uU’o Cameias 

Video cameras are used only in very confined areas that are not suited for 
radar coverage due to sharp bends in a channel, physical obstructions, or a requirement 
for one-Avay trafiic in a confined area. A single video camera cannot provide position 
information on a target, The probability of detecting a target is a Ainction of the dis¬ 
tance to the target and the clarity of the atmosphere in the area. On a typically clear 
day, Coast Guard experience has shown that a ship can be detected up to ten miles 
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away, and idcruificd up to ihrcc niilcs away. LLLTV systems can provide detection and 
idcntilication ofccnuacts durin.g the dark hours of the day. but at shorter ranges. The 
detection range I'ur Ll.L'I'V is a function of ambient light as well as the factors conunon 
to a normal video camera, During periods of low visibility due to inclement weather or 
smog, video cameras arc ine/lectivc for target detection or identification. Effective use 
of video cameras requires a large output of manpower. Given the lack of positioning 
information, video technology is not cost cfrcctivc for most VTS applications. 
c, Sonar 

Sonar provides a means of detecting and tracking subsurface contacts, As 
discussed in Chapter IV, this technology requires highly experienced personnel, expen¬ 
sive supporting equipment, and has limited capability for use in the typical VTS envi¬ 
ronment. One possible use for sonar is the establishment of a sonar harrier at the 
seaward reaches of important ports during periods when the .MDZ mission is a high 
priority. VTS personnel could, with training and experience, monitor the barrier for 
"unfriendly" sub-surface activity. Given the equipment costs, sonobuoy network main¬ 
tenance costs, and the requirement for a high degree of manpower use of sonar tech¬ 
nology is not cost effective for the typical, peace-time, operation of a VTS. 

</. RDSS 

RDSS provides a means of accurately tracking cooperative targets, It does 
not have the capability of detecting targets that arc cither unwilling or unable to provide 
a tracking signal. This luck of a detection capability is the major drawback to RDSS. 
RDSS cannot support any missions assigned to Coast Guard VTS systems that require 
ability to detect vessels, 'fhe capability of sharing the cost of an RDSS system reduces 
the Const Guard's investment. The display system supplied by a vendor would up-grade 
the overall capabilities of a VI C, but only for dependent vessel tracking. 
e. f'oia’ Reporting Systems 

Voice reporting systems are a type of dependent surveillance. In this ease, 
the target must verbally provide position information to the VTC. It is a well estab¬ 
lished fact that this information is oRen in error due to untimely or neglected reports. 
A voice reporting system alone is not capable of allowing the Coast Guard to en'cctivcly 
monitor vessel position. 

3. Evaluation of Inbound Coniniunication Link Systems 

The inbound communication link, and specifically any remote terminal equip¬ 
ment, can provide the degree of flexibility needed to allow design of a "standard" VTS 
system capable of using the optimum sensors for the assigned missions. The specifics 
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regarding use of a particular comnuinicaiion link used should be transparent to a VTS 
user, lablc 10 on page 62 summarizes the author's link technology evaluation. The 
author s comments regarding each technology type arc outlined in the following para- 
graph.s. 

a. Microwave Systems 

Microwave data link systems provide an expensive but highly elTective and 
flexible conduit for surveillance data. These systems are well suited for use in very re¬ 
mote areas where public utility services are not available. This flexibility is offset by the 
purchase, operation, and maintenance expenses of operating a dedicated microwave 
system. Microwave data channels may also be used in metropolitan areas. Unfortu¬ 
nately, these areas oflen sufTer from frequency allocation limitations due to microwave 
congestion. In these metropolitan areas, short and successive microwave hops may be 
necessary due to physical obstruction or severe interference in un optimal transmission 
path, 

b. Satellite Link Systems 

Satellite link systems (particularly wideband systcmi:) are an expensive, but 
highly reliable, conduit for surveillance data. The cost of these systems cun normally 
be justified when the terrestrial path distance is more than 1000 miles or extremely rug¬ 
ged geography makes multiple hop terrestrial microwave systems impractical. The most 
enicient way to establish a wideband satellite link is to lease a data link through a com¬ 
mercial service. Tor most Coast Guard applications use of terrestrial microwave circuits 
will be much for cost cITicicnt than a wideband satellite circuit. 

c. Coaxial Cable Systems 

It is not practical for the Coast Guard to own and operate a private coaxial 
cable system. This is due to the costs of right-of-way, cubic, and terminal equipment. 
Where uv.iilable, a coaxial cable system may be leased from teleconmuinication compa¬ 
nies as a dedicated line. Leasing, in this sense of the word, involves leasing a data rate 
or bandwidth capacity and leaving the specific path details to the contractor. If leased, 
routine maintenance and technological upgrade of the cable system would not be a direct 
expense to the Coast Guard. The 'liggcst drawback to the use of coaxial cable sys*ems 
is the fact that it is not economical for use in remote areas where the Coast Guard would 
have to construct, operate and maintain a dedicated system. 
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Table 10. Evaluation of \'TS Inbound Link Technologies 


d. Optica! Fiber Systems 

Optical fibcv cubic systemti aic becoming available in most large cities. Just 
as with coaxial cable, the Coast Guard would be best served by leasing a data rate ca* 
pacity and leaving the patli details to the contractor. Use of fiber optic cable in metro¬ 
politan areas should be feasible in three years, but only for VTS systems that will coc.vist 


















































































with commercial enterprises that arc also demanJing high data rate services from the 
telecommunications industry, L'se of an optical fiber network is not economical in re¬ 
mote areas. As with coaxial cable, economies of scale would not occur for a private 
optical fiber system developed, operated, and maintained by the Coast Guard, ■ 
e. Bandwidth Rtduction Systems 

Bandwidth reduction can provide the Coast Guard the flexibility to choose 
one of several inexpensive methods of transmitting surveillance data to a VTC. Re¬ 
duction of the bandwidth can also allow the Coast Guord to put more information 
through an established wideband data link that it currently owns and operates. This 
provides one avenue for VTS surveillance system expansion where the data link is a 
limiting factor. Reduction in the signal bandwidth can allow the Coast Guard to use the 
most economical and simple data link available. Some of the possible systems include 
Vlir-FM radio, UllT radio, IIF radio, cellular telephone circuits, and terrestrial or 
satellite voice grade telephone circuit.s. 

' ly Radar Scan Coincrsion. Radar scan conversion cun allow use of in¬ 
expensive voice grade telephone or broadcast technologies for the inbound dam link. 
The fact that the signal is converted to a digital format allows rapid processing of tlie 
raw information. The advantages of this digital processing spill over into the capabilities 
of the associated O display system, The disadvantages to radar .scan conversion are the 
data latency (lo -1.5 seconds) and the fact that it is un emerging technology. There is u 
small amount of risk involved in designing a system that relics on radar scan conversion. 
The equipment cost would be ofiset by u large decrease in operation and maintenance 
costs of the data link. This is due to the use of inexpensive, narrow band, voice grade 
circuits for the data link. Radar scan conversion is also applicable to other Coast Guard 
missions, particularly .Mill, Using radar scan conversion, it would be a fairly sintplc 
mutter to set up remote radar surveillance ofu "su-spcct'' harbor and send the target data 
to u central operations center via telephone or other voice grade circuits. 

^2,‘ I'idco Compression, Use of a Codec (Coder-Decoder) to compress 
video signals may become an clTicient means of reducing the cost of linking video infor¬ 
mation back to a VTC. At present, commercially available Codecs are not capable of 
reducing video signals enough to allow use of narrow band circuits. The use of Treezo- 
framc" technology and compression cun allow transmission of the picture if a data 
latency of one to two minutes is acceptable. This technology is rapidly improving and 
should be reviewed if video surveillance is used as u primary surveillance sensor for VTS. 









RDSS 

A conuncaial RDSS dependent surveillance system includes its own in¬ 
bound communication link. In this case the link would actually be provided through a 
land based telephone network Prom the contractor's RDSS receiver, processing site. One 
advaniarc of this type of system is that the Coast Guard would be relieved of the direct 
expense of operating and maintaining a dedicated communication service. The cost of 
the RDSS reports could be the responsibility of the maritime users while the cost of the 
link for the contractor's receiver site to the VTC would be the Coa.st Guard's rcsponsl* 
bllity. There is a possibility tliat RDSS will also be used as a position reporting system 
for operational Coast Guard units. In this program, the intent is to replace Const Guard 
safety and position voice reports with accurate and timely RDSS reports for Coast 
Guard small bouts, helicopters, and aircraft. These reports, as well a.s VTS surveillancr 
reports, would be "piped" from the commercial receiver processing center to a central 
Coast Guard location, then retransmitted to the necessary Coast Guard organizations 
which would include applicable V TC C systems. This would further defray the expense 
of operating an RDSS based V'TS. 

a. loUe Reporting System Voice Radio) 

Use of VllI'-rM voice radio is sulTicient for transferring the infotmuiion 
required for a voice reporting system. VllF-FM is required for all merchant vessels In 
I'.S. watcr.s and provides a clear channel that is not greatly clTcwtcd by weather. The 
eflcctivcncss of u VTS bused only on voice reporting is marginal when compared to the 
capabilities of more complex systems. 

4. Display and C Systems 

The display system is the heart of a VTS .system. As o C’ system, the display 
system must be capable of supporting the decision makers, regardless of the assigned 
missions and mission priorities, 7'hc ability of a VTS to become a working part of a 
larger O system is directly affected by the technology used to support the VTC. 
Table 11 on page 6C sununarizes the author's evaluation of selected VTS display or O 
systems. 

a. Manual Systems 

Tht Coast Guard currently uses radar and video systems that require the 
operator to manipulate and interpret target data. Fflective use of these radar systems 
require trained and experienced operators. Accurate interpretation of the data requires 
supervisors to watch multiple radar and camera displays. This increases the probability 
of an incorrect decision. Most of the manual radar displays arc well past their expected 
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equipment life cycle and should be replaced. The video equipment should be updated 
when sicnincantly more capable equipment becomes economically available. 1 hese 
manual systems are inefl'icicnt due to the need for a large number of trained and c.\pc> 
rienced system opcrator.s and the latency involved in calculating a large amount of tralTic 
information during periods when the VTS area is busy. 
b. Automatic Systems 

Automation of VTC flinctions can provide the Coast Guard with accurate 
data, a reduction in the required manpower, and a more flexible system. Some outo* 
mution wus introduced into Coast Guard VIS in the middle 1970‘s when the 
A'N*SPS-121 radar and display became a "standard" for VTS. The addition of this 
equipment, however, did not keep the VTS Command and Control System up to pace 
with the requirements or multimussion tasking or with advancements In the computer 
and electronics industries. 

' h ARP A Riuhn, The Coast Guard uses an ARPA system that is inte¬ 
grated into the .A 'N-SI’S-121 radar display. This ARP,\ automatically truck targets that 
have been manuiilly acquired and can display target information for one manually se¬ 
lected target. While this system provides a fair amount of work relief for the radar op¬ 
erators, there is still the requirement for one operator to operate the equipment for « 
particular sector. Watch supervisors must observe several displays and interpret all the 
data available in the VTC. There is no data Ibsion in these systems. The A N-SPS-121 
has the capability to output tracking data (through nn RS-232 port) but the Coast 
Guard does not use this capability. v\dvanccmcnis in target detection and tracking ol- 
gorithms, sweep-to-sweep correlation, and the digital enhancement of radar information 
have shown that it is technically feasible to operate an advanced, computer driven radar 
network with fewer, less skilled, operators. 

''2/ Target Tracking Sensor Indicators ^SPA-25’C In an clTort to 
bridge the gap between the e.sisting ARPA radar displays and a truly integrated VTS 
system, tlic Coast Guard is looking to use of the SPA-25-G display system. This system 
tcquircs the operator to "hook” a target at least twice before tracking information is 
computed. Once computed this tracking information can be integrated into a comput¬ 
erised 

O system, like the Coast Guard’s STC project. One advontage to this indicator is its 
ability to interface to different radar and sensor systems. The disadvantage is the re¬ 
quirement for the operator to be intimately involved in target tracking within one spe- 
cific sector. For the e.xpensc of this display system the Coast Guard actually increases 
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the workload on the VTS watchstanders as compared to the A N-SPS-121 ARPA sys¬ 
tem. I his is due to the requirement to manually update the tracking plot for each con¬ 
tact on the SPA-25-G indicator. 


Criteria 

.Monukl 

RodAr Video 

ARPA Rodir 

Uodtr Scon Con- 
verilon 

RD8S 

1 Control of Vmcl Tmlllc | 

Data Latency due to Display 
t lifter rti.clpt oj data) 

Rent lime dotn 
dnploy but tnfor- 
motion txtrActed 
by operotor; up to 
.1 minuiei 

Trtcking Indl- 
cotton inimt- 
dioiely. full 
Informotion in JO 
«econd! or let! 

Tmoklng InformA- 
lion immediAie, 
one conipleto 
•weep in 1 )*J0 
iccondi 

Troeklng Infor- 
niAtion immediAti 

Data Aceuraey Due lo Dis¬ 
play 

Limited by icnior 

Limited by iinior 

Limited by lenior 

Limned by poil. 

Honing technol- 
ogy on itrgoi 

Ability to Interpret Data 

RelAiivelv hofd, 
niAnuAl (lotA ex- 
trnviion, leg* 
mented view 

Moderotfly herd, 
leg mented view 

0 'od, nveroll 
view or del Ailed 
view with grnphic 
oterloyi of lup. 
porting informn* 
liun 

Oood, ovcrnll 
view or detniled 
view with giAphic 
ovcrloyi of lup. 
porting inform*. 
liun 


Adiipl to Mlwilnii Nfcdii 


Display t/ffct on Suntll- 
hnu i' iiipal'lllty 

Limned by rod*! 
equipment 

Limned by rodnr 
equipment 

Rndor site can be 
networked to ere- 
Ate one diiplAv 

biiplAy limited 
by luftwAre; cnii 
handle hundred! 
of uontnuis 

Display FlexINIIt)' 

Liii'e nexlhility 

Little ritxibllny 


Support 0 / Cxtetiial C* A'vt. 
hunt via Display 

No dlrevl luppoii 

No direet .tup- 
port, ARPA enn 
provide lArgni in. 
formAilon 

Ctm tuppori ex. 
lernnl lyelemi 

VIA gAiew'Ay 

C'An tuppiirt ex. 
ternal ( ^ lytiem! 

VIA gAiewAy 

Dip,ay Lfii'ft on I'xpanslon 
of Sur\rlila>he Ah\l 

Aren exponelnii 
require! uddiliKital 
di«plhv and opero- 
tor 

Aroo expaneion 
requiree additional 
ditplay ond opero- 
(or 

Dlipluy enrv lup. 
port Additional 
lenrort in new 
areu! 

Ititplay enn be 
expanded to thnw 
w ider nren, no 
addnioni.1 leiirors 
required 


AlillltN of ni«nlii> to I nliMticr Coiui tiiiMrii C 


Siiri'C'i c; pjiti Exihingt 

ty Pl!rl>V 


Not Oirccily i»p' 
porKd 



Siiifi'ri of palslo/i Mi/kliif Poor; prcienii 
(!> hhptiiy dnin ortly 


Abililt of Oiiiplut In Koducf Cofto 


Tnlr; protfiili lor- 
|«i inrorinnimn 
nnU trninc von< 
flicit with A KMior 


Uoo'J; prtitnti 
lr»ri'lc inform*. 
lion «nd oih*r it* 
Ifcttd urnphic*] 
doin 


Oood; prttoiiii 
irnfl'ic inloriTiA- 
tion And olhvr ii. 
ItctoJ BiAphicnl 

OAIA 



linpknirniuilon Period DUpluy 


Acerptunre of t)l«pliit 




Can reduce the 

Can reduce the 

None 

None 

number of opera¬ 
tor! 

number of opern- 
ton 



Oond, b month* 


Poor; msnuAl 
plutiing 


Oood, ft month! 


pAir; AutomRtte 
plotting 


Oiiod, ft month! 


Oood; AutomAttc, 
tnttgrAtfd tnfor- 
mAiion 


Oood; AutumA.iu, 
ln'»gr«i*d tnfor- 
mntion 


Talile 11. Evaluation of VTS Display Technologies 
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Di^phtys IhiscJ on RnJor Sctw Conversion. Tlic digitally processed 
data available from radar scan converters can provide the Coast Guard with an cH'cctivc 
and cAlcicnt VTS O system. This is due to the system progranunlng that allows sensor 
and software modularity as well as user tailored display screens. These systems have the 
capability of providing a summary picture of the entire VTS area or showing a highly 
detailed view of some specilic part of a VTS area, ‘fhese display systems are capable of 
interfacing to external O systems as well as controlling the sensors themselves. The 
computer systems used with radar scan conversion use up*to*date digitol processing for 
clutter suppression, gain control, target detection, and target tracking. Using faster, 
more capable processors, a radar .scan convertor system can improve the capabilities of 
the Coast Guard's existing radar systems. Use of this sort of system should allow for a 
decrease in manpower due to the integrated and improved approach to target detection, 
trucking, and data display. Kadar scan conversion also provides a way to implement a 
radar network. This system would also be capable of integrating data fVom other sensor 

I 

types as well us from data sources external to the VTS. 

RDSS DispUi^'x, The display systems available with commercial 
RDSS systems arc graphics based and provide O advantages similar to those available 
through a system based on radar scan conversion. As these systems are generally 
microcomputer bused, tlic soAware can be adopted to most any requirement. This can 
allow the RDSS information to bo shared with external O systems. The software for the 
display system is gcncrully provided and maintained by the RDSS contractor (like 
Ciccstar. Inc.). Tltis removes the expense to the Coast Guard for software development 
and maintenance. TIk* possibility of linking the tracking information to external O 
systems would Ihngc on the data rights incorporated in such o system and the clussi* 
fication of the external O systems. 

5. System Cost Analysis 

Table 12 on page 68 sununurizes the equipment cost for a single sensor and 
display system. This table docs not include the cost of a data link due to the practical 
requirement for a VTS to use the most cftcctivc and cITlcient data link available in a 
particular area. In tlic ease of VTS Prince William Sound, Alaska, a Coast Guard owned 
and operated microwase system may be the only pratical data link while VTS San 
Francisco may have tlie option of choosing from several different technologies. For all 
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the systems surveyed, the annual maintenance costs for sensor equipment ranges be¬ 
tween ten and !wenty percent ol'thc equipment costs. IRef. 43: pp. 6.1h| 
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Table 12. Sensor and Display System Acquisition Costs 


Table 1.3 sumnuiri/cs the non-muintcnuncc, rccurrinii costs lor each data link 
tcchnoloBy surveyed. Annual maintenance costs arc gettcrully ten to twenty percent ol‘ 
the terminal equipment costs. Installation costs arc not listed, as they vary widely, [Ref. 
43: pp. 6*Uil 
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Table 13. Annual Data Link Costs 


A determination of the "best" system for the Coast Guard requires dearly de¬ 
fined ntission requirements, surveillance levels, and integration .standards. Since these 
do not c.xist for the Coast Guard VTS program, system fiexibility and reduced life cycle 
cost.s become predontinunt liictors in determining u best system. A reduction in required 
manpower, rental costs (for leased systems), or ituiimcnance costs (for L'SCG owned 
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systems) are thcrdorc key clotiiciiis in tl)c selection of a system or technology base due 
to the long range savings possible over the life cycle of a system. 

6. Evaluation of a Prupuseil System 

The following paragraphs describe o proposed, second generation Coast Guard 
VTS. Geographically a VTS may be divided into throe areas. They are the onshore 
opproach area, the active surveillance (harbor) area, and any areas inland of the harbor. 
These areas would be similar to the ofTshore approaches to San Francisco Bay, Snn 
Francisco Bay (fVom about ten miles at sea to some demarcation line inland), and the 
"river" areas currently managed by the VMRS. For the second generation VTS, these 
areas would be managed using an up-to-date O display system capable of overlaying 
navigation, topographic, and operational information on the contact data. Surveillance 
of these three areas would be done using the technologies listed below. 

• Approach Area - RDSS and VllF-FM voice conununication circuits. 

• Harbor Area - Active radar surveillance using radar scan conversion and narrow 
band data links. Communication would be conducted over VHF-FM voice cir¬ 
cuits. 

• River Areas • RDSS and VllF-r.Vl voice communication circuits. 

Figure 6 on page 70 illustrates this proposed system, the surveillance equipment, and 
data link tccitnologies to be u.scd. 

The advantages of suclt u VTS system arc listed below. 

• L'se of any radar svstein. This would allow continued use of the e,\isting rudar 
systems in aiuiciputicm of a stuiulurd replacement system in three years. 

• l.'se of low cost terrestrial narrow band data links (9600 bps), This significantly 
decreases operation costs and increases the lle,\ibility of sensor placement or future 
system expansion. 

• Manpower reduction due to sensor integration. The number of people actively 
monitoring the VTS may decrease as the integrated O system automatically man¬ 
ages contact tracking and display. 

• Manpower e.xpunsion possible to meet immediate mission requirements. L’se of u 
database approach can allow for expansion of the VTC when necessary. One ex¬ 
ample of tins is the separation of operator positions by mission area for SAR or 
MDZ while routine VIS functions continue. It would be a relatively simple matter 
to increase the number of "smurf disploys to allow for such flinctionality. 

• Sensor expansion possible to meet mission requirements. The number and type of 
sensors could be changed if the assigned missions or mission priorities warranted 
it. Any sensor capable of providing position information in an acceptable data 
format could he displayed by the P system, 

• Support of other Coast Guard O systems. The VTS could export contact infor¬ 
mation to other operational O systems. Examples include providing data to an 
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Figure 6. A Proposed Second Generation VTS 


adjncent. but foreign, VTS (as in the Puget Sound area) and allowing the U.S. Navw 
to use VTS information for military tracking purposes. 

• This system allows for Implementation of a VTS system based on a standard O 
“engine" system, inexpensive data links, and lle.xible sensor technology, 

The disadvantages of such a systems include; 

• Use of an emerging technology (radar scan convertors) and the attendant risk fac* 
tor in fielding a system based on proven, but new technology, 

• Requirement to customize a O system to meet the flexibility and display require¬ 
ments desired, The Coast Guard's STC program could be modified for use in a 
VTC. This would require an undetermined amount of money and time. 

• Acceptance problems due to the general lack of a "real” picture of the surveillance 
area. The ability to display the “real radar picture" is a requirement the Coast 
Guard insists on having. Radai scan conversion technology can transmit a (Vozen 
frame of "real" radar, but with a data latency greater than desired by the Coast 
Guard. 

Table 1-4 on page 71 lists the equipment and maintenance costs for a single 
sector VTS, excluding manpower. Sensor and sector integration will benefit multi-sector 
VTS systems by decreasing the manpower requirements. This reduction is a flinction 
of the specific VTS requirements and is not applicable to this example. 
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Unknown installation fee 
(less than S.Uh)) 

S3,000 (Conditioned tele¬ 
phone leased lino) 

Display System 

SI5.000 (equipment only. 
Cost of converting STC 
software to VTS applica¬ 
tion is unknown) 

SI,500 

RDSS for non-hurbor 
areas 

S425.000 

S6U0 per vessel in RDSS 
system 


Tnblc 14. Costs, Excluding Manpower, fur a Proposed Second Generation VTS 


71 


























VI. SL'IMMARV AND CONCLUSIONS 

One of the Coast Guard's missions is protection of the marine environment in and 
near the United States. Vhe recent rash of pollution incidents in U.S. waters has high¬ 
lighted the limitations of the twenty year old Coast Guard Vessel Tralfic Service (VTS) 
systems. In general, Coast Guard VTS systems use radar surveillance of harbor sectors 
to allow a Vessel TralTic Center (VTC) to monitor harbor traflic. Each radar requires 
an operator, a wideband data link, a display, and enough redundant equipment to keep 
the system functioning with a ver\ high level of reliability. A supervisor coordinates the 
Coast Guard's response to the immediate situation by observing the several radar dis¬ 
plays and assimilating information from several other sources. 

Coast Guard V I S systems are not standardized. Due to the age of the equipment 
and a lack of data integration, they arc expensive to operate and maintain. This is par¬ 
ticularly true with regard to the microwave data links being used. .Coast Guard VTS's 
work as isolated systems. They function independently from the mainstream of Coast 
Guard operations, 

Advancements in the electronics industry, and particularly the computer industry, 
can significantly change the system architecture of Coast Guard VTS systems. The use 
of modern, high speed computer technology can provide the Coast Guard with u highly • 

iiutonuued, accurate, and reliable \’TS capability. This can. in turn, decrease the cost 
of VI S maiiuenance and operation, reduce the personnel levels required for routine op¬ 
erations, and provide tlic degree of ficxibility neccssaiy to allow VTS to operate within 
the multi-mission environment of normal Coa.st Guard operations. 

A. SYSTEM ENGINEERING FOR A SECOND GENERATION VTS 

Design of a surveillance .system for V fS is dependent on the management aspects 
cf the program. .Mission requirements lead to s\stcm and equipment capability re¬ 
quirements. The following paragraphs highlight tire author's conclusions regarding de¬ 
sign ol'a second generation VTS, 

I. System Fle.Nihillty 

The Coast Guard tradidonally operates in an unstable, multi-mission environ¬ 
ment. A "good" V'fS system must therefore be a fic.xiblc system, capable of meeting ever 
changing mission dcinan'ls. Thi.s ficxibility can be accommodated through the use of a 
modular system made up of sen.-ors, data links, and a ''"fC C’ .system for display of the 
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sensor inlormation and overall control of the system. This system should be able to 
export '■ ii":':’ information to o*!u'r C sysun.. Mivouehout the Coast Guard. 

2. Sensor Selection 

VTS sensors should be viewed as an inlormation source with an associated ac¬ 
curacy and latency. Fiscal constraints and mission requirements should determine the 
specific sensor or sensor types used. These sensors should feed a database and be con¬ 
trolled by operator signals via the O system. Different missions dictate use of difTcrent 
sensors. In a similar manner, different ports have difTcrent surveillance needs. VTS 
Valdez, AK may be most clliciently served through the use of an RDSS system as there 
is very little traffic other than the oil tankers in the area. VTS San Francisco may need 
a more e.xtciisivc VTS due to the trafilc density and a need for an active detection ca¬ 
pability for S,\K, MI-F, and .\1DZ missions. 

3. 3 TC O and Display System 

The VTS CT system would link the operator's information needs to a computer 
database and originate the signals needed to control each sensor. This would help to 
optimize the cfroctivcncss and clficiency of the entire system by providing a high if-grcc 
of system fle.xibility, 'flic VfC O system would display operator-selected target data 
and overlay graphically based information including buoy schemes, channel limits, 
anchorage areas, and similar typographical information. Integration of VTS target data 
into a backbone Coast Guard network would also be handled by the C* system. 

4. Narrow Band Data Links 

T!ic technology exists to allow the use of narrow band data links, regardless of 
the sensor used, The cost of operating or leasing a narrow band data link is significantly 
less than that of operating a wide band link. The cost of terminal equipment for a nar¬ 
row band link is csscmiully tlic same as the terminal equipment costs for terrestrial 
wideband circuits, This equipment c.xpcnsc is small compared to the costs of building 
and operating wide bund circuits. The data latency associated with the use of narrow 
band terminal equipment is appro.ximaiely ten seconds. Given that a ship travelling 
twelve knots would only move forward sixty-seven yards in this period, this latency is 
not significant for VfS purposes. 

B. MANAGEME.N'T OF THE COAST GUARD'S VTS PROGRAM 

In conducting research on VTS technologies, the author determined that one of the 
limiting factors was management of VTS as a program. VTS, in the Coast Guard, has 
existed for more than twenty years. The commitment of lire Coast Guard, in personnel 
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and funding, has been very cyclical and generally dependent on Congressional awareness 
following murine pollution accidents. This "on-again, ofT-again" program support has 
caused the Coast Guard s V IS system to age rather than evolve. 

In order for a second generation VTS system to be properly designed, there arc se¬ 
veral areas that must be specifically addressed. The following paragraphs outline the 
author's conclusions regarding these areas. 

1. Scope of the VTS mission. 

Tlie Coast Guard needs to specifically identi^' the missions that a VTS is to 
carry out. The technological requirements for a true tralfic management system (in¬ 
cluding vessel routing, control of entry times, and vessel speed) are dilTcrcnt from those 
for a system that simply monitors the progress of independent vessels in a harbor envi¬ 
ronment, The latter requirements form the original, twenty year old, concept of Coa.st 
Guard VTS. The sensor requirements for a system capable of monitoring port security 
in a warfare or threat environment arc very dilfercnt than those for simply monitoring 
shipping traffic in peacetime. 

Planning for a second generation V TS should include assignment of specific 
mission ureas to VTS. This specific assignment would serve to detail what is routinely 
cspccicd from a V I S as well as any exceptional requirements stemming from assigned, 
but infrcqucntlv executed, missions, The .VIDZ mission would fall into this category. 

2. Stoble Program Suppoil 

Coast Guard VTS is a program that the public learns about following a mari¬ 
time accident. In the absence of public or political interest, the Coast Guard has re¬ 
peatedly absorbed the Headquarters level support (personnel and fUnding) to shore up 
higher priority needs. The resurgence of Congressional interest in the VTS program 
following the H.x.xon Valdez grounding in Price William Sound, AK has once again 
peeked Coast Guard and Congressional support for VTS. This increased support has 
resulted in the development of a VTS Office in Coast Guard Headquarters (G-NSP), 
expansion of VTS Puget Sound, and reopening of a modernized VTS New York. Un¬ 
fortunately. Congress also mandated quick action which is resulting in ad-hoc system 
engineering. 

The VTS program should have a stable base of support at the Headquarters 
level. The purpose of this support would be allow VTS to evolve with technological 
advancements and changes in assigned mission arcus and mission priorities. 
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3. Coast Guard Inloriiiatlon Resource Management (IRM) 

A second gencraiion VIS should have strong tics to the inlbrmation resources 
of the Coast Guard, It should be able to export, and possibly import data from other O 
systems. The Coast Guard has started the process of updating many computer-related 
programs to take advantage of standard protocols and modern equipment. Data inte¬ 
gration is one of the goals of this Coast Guard wide modernization. The Coast Guard 
is developing its own data network (HD\) in order to link these new resources together. 
In order for a new VTS system to he integrated into this IRM architecture, the VTS 
system must be designed to use the standard protocols. VTS should be a full partner in 
the Coast Guard's IR.M program. 


75 









APPENDIX A. GLOSSARY 


Tile ncronyms 
lowing list. 

Acronym 

A*D Conversion 

ADPCM 

AM 

AMVER 

ARSA 

ARPA 

ARTCC 

ASR 

ATC 

ATON 

aUTODIN 

bps 

C’ 

c 

C'band 

CA.S 

CATV 

CCTV 

CIC 

CODEC 

CSP 

CVS 

D'A Conversion 
DF 

DGPS 


and abbreviations used throughout the thesis arc defined in the fol- 


Dcfmhion 

Micrometer 

Analog to Digital Signal Conversion 
Adaptive DilTerential Pulse Code Modulation 
Amplitude Modulation 

Autoniutcd Mutual-Assistance Vessel Rescue System 

Airport Radar Service Area 

Automatic Radar Plotting Aid 

Air R.outc Traffic Control Center 

Airport Surveillance Radar 

Air Trallk Control 

Aids to Navigation 

Autonuitic Digital Information Network 
Hits per second 
Command and Conjrol 
Command, Control, and Communication 
C-band {0 A MIlz) Satellite System 
Collision Avoidance System 
Community Antenna Television 
Closed Circuit Television 
Combat Information Center 

Coder-Decoder for compression of video camera signals 

Conunand Supervisory Post 

Commercial Vessel Safety 

Digital to Analog Conversion 

Direction Finding 

DifCeremial GPS 
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DoD 

DSI 

D^^T 

ETA 

FAA 

FM 

FTS-2000 

G-NSP 

GHz 

GOSIP 

GPS 

GTC 

HAR 

HF 

ICC 

ILD 

IRM 

ISDN 

ISO 

KHz 

Kin 

LAN 

LE 

LED 

LLLT>’ 

LORAN 

MDZ 

MLE 

MSD 

NTDS 

OPCEN 

OSI 


Department of Defense 

Digital Signalling Rate 1 {1.544 Mbps) 

Dcadueight Ton (roughly equal to cargo capacity) 

Estimated time of arrival 

Federal Aviation Administration 

Frequency Modulation 

GSA sponsored telecommunication system 

Ofllce of Navigation Safety Programs in Coast Guard Headquar¬ 
ters 

Giga-Mertz (one billion Hertz) 

Government Open System Interconnection Profile (FIPS 146) 

Global Positioning Satellite System 

Ccographical Tactical Computer 

Harbor Advisory Radar 

High Frequency (5-30 KHz frequency bund) 

Integrated Command Center 
Injection Laser Diode 
Information Resource Management 
Integrated Services Digital Network 
International Standards Organization 
Kilo-Hertz 
Kilometers 
Local Area Network 
Law L'nlbrcemcnt 
Light Lmitcing Diode 
Low Level Light Television 
Long Range Navigation System 
Maritime Dclensc Zone 
.Maritime Law Enforcement 
.Maritime Sanitation Device 
Navy Tactical Data System 
Operation Center 

Open System Interconnection protocols 
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OTIl 

Ovcr-thc-llorbon 


0\MR.S 

OlVshorc Vessel Movement Reporting System 


POSIX 

Portable Operating Svstem Interface for Computer Environment 
(I-IPS 151) 


PPl 

Plan Position Indicator 

• 

PSS 

Port Security and Safety 


PWSA 

Ports and Waterways Safety Act of 1972 

1 

QAM 

Quadrature Amplitude Modulation; (16QAM, 64QAM) 


RDSS 

Radio Determination Satellite Service (Geostar Corp. dependent 
surveillance system) 


S/A 

Selective Availability. A mode of GPS that degrades position ac¬ 
curacy to about lou meters 


SAFENET 

Shipboard Adaptable Flexible Embedded Local Area Network 


SAK 

Search and Rescue 


SQL 

Structured Query Language (FIPS 127) 


SRU 

SAR Rcsouree Unit 


STC 

Shipboard Tactical Computer 


VHF.FM 

Very High Frequency (30-300 KH^) -FM Voice 


VMRS 

Vessel Movement Reporting System 

f 

^•T(: 

Vessel TrulVic Center 


VTS 

Vessel TrulTie Service 

1 

WNVMCCS 

World-Wide Military Conunand and Control System 
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